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ABSTRACT 

We produce an atlas of homogeneously reduced and calibrated low resolution IRS 
spectra of the nuclear regions of nearby early-type galaxies (i.e. Es and SOs, ETGs), 
in order to build a reference sample in the mid-infrared window. From the Spitzer 
Heritage Archive we extract ETGs in the Revised Shapley-Ames Catalog of Bright 
Galaxies having an IRS SL and/or LL spectrum. We recover 91 spectra out of 363 
galaxies classified as ETGs in the catalog: 56 E (E0-E6), 8 mixed E/SO+SO/E, 27 
SO (both normal and barred - SBO) plus mixed types SBO/Sa+SBO/SBa. For each 
galaxy, we provide the fully reduced and calibrated spectrum, the intensity of nebu- 
lar and molecular emission lines as well as of the Polycyclic Aromatic Hydrocarbons 
(PAHs) after a template spectrum of a passively evolving ETG has been subtracted. 
Spectra are classified into five mid-infrared classes, ranging from AGN (class-4) and 
star forming nuclei (class-3), transition class-2 (with PAHs) and class-1 (no- PAHs) to 
passively evolving nuclei (class-0). 

A demographic study of mid-infrared spectra shows that Es are significantly more pas- 
sive than SOs: 46lJ % of Es and 20l" 7 % of SOs have a spectrum of class-0. Emission 
lines are revealed in 64^g 2 % of ETGs. The H2S(1) line is found with similar rate in 
Es (34±g°%) and in SOs (51±J|%). PAHs are detected in 47± 7 % of ETGs, but only 
9^3% have PAHs ratios typical of star forming galaxies. 

Several indicators, such as peculiar morphologies and kinematics, dust-lane irregu- 
lar shape, radio and X-ray properties, suggest that mid-infrared spectral classes are 
connected to phases of accretion/feedback phenomena occurring in the nuclei of ETGs. 

Key words: - Infrared: galaxies - galaxies: elliptical and lenticular, cD - galaxies: 
fundamental parameters -techniques: spectroscopic 



1 INTRODUCTION 

Early-type galaxies (Es and SOs, ETGs hereafter) are the 
most luminous and massive stellar aggregates in the lo- 
cal Universe and posses a multiphase, sometimes con- 
spicuous, interstellar medium (ISM). The Spitzer Space 
Telescope Heritage Archive (SHA) offers, in the mid- 
infrared (MIR) window, new tools in the endeavor of de- 
ciphering the evolutionary history of nearby ETGs. Sev- 
eral Spitzer-IRS studies have been dedicated to unveil 
the MIR spectral characteristics of the nuclear region of 
ETGs, leading to the identification of Polycyclic Aromatic 



E-mail: roberto.rampazzol@oapd.inaf.it 



Hydrocarbons (PAHs) with both normal and anomalous 
inter-band rati os, as well as emissi on lines from molec- 
ular hydrogen dBregman et al.l [ 2006 ; 



Bressan et al.l 


2006 


; Kaneda et al.l 


2008 



iPanuzzo et al.l 

Using Spitzer-IRS spectra, iBressan et al.l (2006) stud- 
ied the nuclear properties of 20 bright ETGs in the Virgo 
cluster, identifying a class of passively evolving ETGs. Their 
MIR spectra are characterized by the absence of ionic and 
molecular emission as well as of PAHs. Only the silicate 
emission at 10/xm from the circum-stellar dust of O-rich 
AGB stars leave their imprint in these spectra, superim- 
posed on the p hotospheric stellar continuum generat ed by 
red giant stars rtKnapp et all) 19891 : lAthev et al.ll2002r ). The 
study of IBressan et al. (|2006l ) also shows that ETGs with 
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a passive spectrum are very common in the Virgo cluster 
(16 out of 20). The remaining four galaxies include already 
known "active" objects like NGC 4486 (M 87) and NGC 
4435, the ear l y-typ e companion in The Eyes interacting pair. 
iBuson et all (20091 ) showed that the MIR continuum of M 87 
is the superposition of a passively evolving sp ectrum and the 
synch rotron emission from the central AGN. [Panuzzo et al.l 
(2007) showed that NGC 4435 has a MIR spectrum typical 
of star forming galaxies. 

In low density environments (LDEs), the MIR spec- 
tra of ETGs show a large variety o f features. In a study 
of 40 ETGs, mainly located in LDEs, iPanuzzo et"afl (120111 ) 
found that nearly 3/4 of the spectra do not sh ow the passive 
charac t eristics found in the Virgo sample of iBressan et al.l 
( 2006 ) . lAnnibali et all (|2010h . using optical s pectra, had al- 
ready classified the activity of the ETGs in IPanuzzo et al.l 
l|201ll ). Most of their nuclei show generic LINER character- 
istics, while only few are either inert /passive or AGN sys- 
tems. These latter, identified in the optical using nebular 
line ratios through diagnos tic diagrams fsee lBaldwin et all 
Il98ll ; lAnnibali et al.l l2010l . and reference therein), appear 
dominated in the MIR by hot dust emission and may show 
high ionization emission lines. In the MIR, several optical 
LINERs show star forming spectra, similar to NGC 4435, 
with PAH emission typical of late- type galaxies (Smith et al.l 
120071 ). Therefore, MIR spectra provide new clues for the un- 
ders tanding of the mechan isms that power LINERs. 

IPanuzzo et al.l (|201ll ) classified the MIR spectra of 
ETGs into a five spectral classes. The majority of the op- 
tical LINERs can be classified into three MIR classes dis- 
playing nebular and molecular emission (H2 ) without PAHs 
or wi t h either normal or anoma l ous PAHs jBregman et all 
120061 : iKaneda et aD 120051 . 120071 : I Vega et al.lT2010h . Among 
the spectra with PAHs, the most populated class of MIR 
spectra (50%) shows anomalous PAH inter-band ratios 
(7.7/im/11.3^im ^2.3). The least populated class shows nor- 
mal, star forming, PAH ratios. 

Gi ven the short life time of PAHs within t he ISM of 
ETGs ([Clemens et al.ll2010h . |panuzzo et aD (|201ll ) proposed 
that MIR classes may trace the evolutionary phases of a nu- 
cleus as the result of an accretion ep i sode. Multi-wavelength 
observations of t he IPanuzzo et all J201l|) sample support 
this hypothesis (lAnnibali et al. I" l2007l ; iMarino et alj l20li 
iRampazzo et al.ll2011 ) . Accretion in ETGs may be the result 
of either secular evolution, driven by bar resonances, inter- 
action or minor merger episodes which may induce nuclear 
star formation and/or AGN activity. Such activity, fading 
out with time, leaves traces in emission lines, PAH emission 
and the underlying continuum, until the nucleus returns to a 
passive state. MIR spectral classes may also offer snapshots 
of so-called AGN feedback i.e. the interaction between the 
energy and radiation generated by accretion onto the mas - 
sive black hole with gas in the host galaxy (|Fabian 1120121 ). 
AGN feedback may arise where the intense flux of photons 
and particles, produced by the AGN, strips the interstellar 
gas, halting both star formation and accretion onto the AGN 
itself. 

Testing these hypotheses motivated us to query the 
Spitzer Archive for high S/N, low-resolution IRS spectra in 
the quest for a larger sample of well studied, nearby ETGs. 
To this end we used the Revised Sh apley-Ames Catalogue 
of Bright Galaxies (RSA hereafter) (|Sandage fc Tammannl 



Il987h as our starting point. RSA classifies 363 nearby 
galaxies as ETGs, although it is not a complete catalogue 
i Sandage fc Tammannlll987l ). it is certainly representative of 
bright nearby galaxies. We found 91 ETGs with Spitzer-IRS 
spectra. This paper organizes this material, homogeneously 
reduced and calibrated. The present atlas is intended to be 
a window on the MIR properties of the nuclear regions of 
nearby ETGs and to contribute to the understanding of their 
evolution. A local reference sample, made of well studied 
ETGs, may be used to make comparisons wit h numerous dis- 
tant sources discovered by Spitzer-IRS (e.g. ISargsvan et al.l 

The paper is organized as follows. In section [2] we 
present the characteristics of the Spitzer-IRS sample. Sec- 
tion [3] provides information about observations and the 
strategy for spectra extraction and calibration. ETG spec- 
tra are analyzed in Section |4j where we provide a measure 
of atomic and molecular emission lines and PAH intensities. 
We finall y classify spect r a into the MIR spectral classes de- 
vised by Panuzzo et alj ()201 lh . In Section [5] we perform a 
demographic study of the MIR spectral classes as a function 
of morphological type, the galaxy environment, as well as the 
X-ray, CO and radio properties of the galaxies derived from 
the literature. In Section[6]we investigate MIR classes in the 
light of morphological and kinematical peculiarities widely 
used to infer the recent evolutionary history of ETGs. 



2 THE SAMPLE 

We cross match the RSA catalogue with the Spitzer Heritage 
Archive, including IRS spectra either with just SL segments 
or both SL and LL segments, as our priority is in character- 
izing spectral featur es and obtaining the MIR classification 
of the spectra as in IPanuzzo et alJ (|201ll ) . In Tables [T] and 
[2] we list the resulting sample of 91 ETGs and in Tables [3] 
and [4] the basic observational param eters. Although by no 
means complete, this atlas doubles the lPanuzzo et al] (|201ll ) 
sample, the largest study to date. 

ETGs are divided according to their RSA morphological 
classification (column 2) into Es and SOs. In the SO family 
we include both bona fide SOs, in their normal and barred 
forms, and the "mixed" sub-classes E/S0 and S0/E. Tables[Tj 
and [2] also report the morphological type code, T (column 
3), provided in HYPERCAT. The sample of Es is composed 
of 56 galaxies: different sub-classes, from E0 to E6, are all 
populated. The sample of SOs consists of 35 galaxies of sev- 
eral sub-types, including mixed cases i.e. E/S0, SO/Sa or 
SBO/Sa. In all cases the morphological type code, T, is ^ 0, 
as expected for ETGs. Most of the E galaxies have T ^ —3. 
Remarkable exceptions are NGC 1297 (T=-2.5±0.9) and 
NGC 1275 (T = -2.2±1.7) classified as E-S0 and SO, re- 
spectively, in HYPERCAT. SOs in RSA span all the T < 
range, consistently with their mixed nature. About 1/3 of 
E/S0 + SO (see Tabl(j2j are considered truly Es (T < -3) 
in HYPERCAT. 

The redshift independent distances, D, (column 4) and 
the absolute K-mag, Mk, ( column 6) are fr om the Extra- 
galactic Distance Database llTullv et al]|2009l) and the effec- 
tive r adius, r e (column 7), from RC3 ( de Vaucouleurs et al] 
1991). For galaxies, labeled with an asterisk, we use a Hub- 
ble constant of 73 km s _1 Mpc" 1 and the heliocentric veloc- 
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Table 1. The sample of E galaxies 



U QTT t 
IQCllt . 


Morpho. 


T 
1 


1 ~) 

u 


T88M 




r e 










[ivipcj 


Group 




[kpcj 


[km s M 


E 

NGC 636 


El 


-4.8±0.5 


30 


52 


-7 7 


-23.94 


2.8 


165 


NGC 720 


E5 


-4.8±0.5 


28 


52 


-9 7 


-24.94 


4.9 


241 


NGC 821 


E6 


-4.8±0.4 


24* 


52 





-24.00 


5.8 


200 


NGC 1209 


E6 


-4.5±1.0 


36 


51- 


14 14 


-24.46 


3.2 


240 


NGC 1275 


E pec 


-2.2±1.7 


72* 






-26.16 


5.9 


259 


NGC 1297 


E2 


-2.5±0.9 


29 


51 


-7 4 


-23.36 


4.0 


115 


NGC 1339 


El 


-4.3±0.5 


20 


51 


2 1 


-22.78 


3.9 


346 


NGC 1374 


E0 


-4.4±1.1 


20 


51 


-1 1 


-23.30 


2.1 


186 


NGC 1379 


E0 


-4.8±0.5 


20 


51 


-1 1 


-23.28 


1.0 


120 


NGC 1395 


E2 


-4.8±0.5 


20 


51 


-4 4 


-24.64 


4.7 


245 


NGC 1399 


El 


-4.6±0.5 


21 


51 


-1 1 


-25.30 


4.1 


345 


NGC 1404 


E2 


-4.8±0.5 


20 


51 


-1 1 


-24.71 


2.3 


234 


NGC 1407 


E0 


-4.5±0.7 


29 


51 


-8 4 


-25.62 


9.9 


286 


NGC 1426 


El 


-4.8±0.5 


24 


51 


-4 4 


-23.24 


2.9 


162 


NGC 1427 


E5 


-4.0±0.9 


20 


51 


-1 1 


-23.33 


3.0 


162 


NGC 1453 


E2 


-4.7±0.7 


54 






-25.57 


6.5 


332 


NGC 1549 


E2 


-4.3±0.9 


16* 


53 


-1 1 


-24.24* 


3.5 


202 


NGC 1700 


E3 


-4.7±0.9 


41 






-25.16 


3.9 


239 


NGC 2300 


E3 


-3.4±1.4 


26 


42- 


16 16 


-24.51 


4.0 


261 


NGC 2974 


El 


-4.2±1.2 


21 


31- 


■18 18 


-25.42 


2.5 


220 


NGC 3193 


E2 


-4.8±0.5 


34 


21 


-6 6 


-24.69 


4.0 


194 


NGC 3258 


El 


-4.3±0.9 


32 


31 


-2 


-24.25 


4.6 


271 


NGC 3268 


E2 


-4.3±0.9 


35 


31 


-2 


-24.60 


6.1 


227 


NGC 3377 


E6 


-4.8±0.4 


11 


15 


-1 1 


-22.71 


1.8 


139 


NGC 3379 


E0 


-4.8±0.5 


11 


15 


-1 1 


-24.04 


1.9 


209 


NGC 3557 


E3 


-4.8±0.5 


16 


31- 


10 10 


-26.13 


6.7 


265 


NGC 3608 


El 


-4.8±0.5 


23 


21 


-1 1 


-24.80 


3.5 


192 


NGC 3818 


E5 


-4.6±0.8 


36 


22 


-8 8 


-23.95 


3.8 


191 


NGC 3904 


E2 


-4.7±0.6 


28 


22 


-4 4 


-24.61 


3.3 


205 


NGC 3962 


El 


-4.8±0.4 


35 


22 


1 1 


-25.09 


6.0 


225 


NGC 4261 


E3 


-4.8±0.4 


32 


11- 


■24 24 


-25.24 


5.6 


309 


NGC 4365 


E3 


-4.8±0.5 


23 


11 


-5 1 


-25.19 


5.6 


256 


NGC 4374 


El 


-4.3±1.2 


19 


11 


-1 1 


-25.13 


4.7 


282 


NGC 4473 


E5 


-4.7±0.7 


15 


11 


-1 1 


-23.77 


1.9 


179 


NGC 4478 


E2 


-4.8±0.4 


20* 


11 


-1 1 


-23.15* 


1.3 


137 


NGC 4486 


E0 


-4.3±0.6 


17 


11 


-1 1 


-25.81 


7.8 


334 


NGC 4564 


E6 


-4.8±0.5 


16 


11 


-1 1 


-23.09 


1.5 


157 


NGC 4589 


E2 


-4.8±0.4 


22 


12- 


13 13 


-23.96 


1.4 


224 


NGC 4621 


E5 


-4.8±0.5 


15 


11 


-1 1 


-24.13 


2.9 


225 


NGC 4660 


E5 


-4.7±0.5 


15 


11 


-1 1 


-22.69 


0.9 


203 


NGC 4696 


E3 


-3.8±0.6 


18* 


23 


-1 1 


-24.13* 


7.4 


254 


NGC 4697 


E6 


-4.4±0.8 


13 


11- 


11 10 


-24.13 


4.5 


174 


NGC 5011 


E2 


-4.8±0.5 


42* 


23 


2 


-24.97* 


4.8 


249 


NGC 5018 


El 


-4.4±1.0 


38 


11 





-25.23 


4.2 


209 


NGC 5044 


E0 


-4.8±0.4 


31 


11- 


31 31 


-24.79 


12.4 


239 


NGC 5077 


E3 


-4.8±0.4 


39 


11 





-24.73 


4.3 


260 


NGC 5090 


E2 


-4.9±0.3 


47* 


23 


2 


-25.79* 


14.2 


269 


NGC 5638 


El 


-4.8±0.4 


26 


41 


-3 1 


-23.86 


3.5 


165 


NGC 5812 


E0 


-4.8±0.4 


27 


11 


1 


-24.22 


3.3 


200 


NGC 5813 


El 


-4.8±0.4 


32 


11 


-1 1 


-25.15 


8.9 


239 


NGC 5831 


El 


-4.8±0.5 


27 


41 


-1 1 


-23.75 


3.3 


164 


NGC 7619 


E3 


-4.7±0.6 


53 






-25.62 


9.5 


322 


IC 1459 


El 


-4.8±0.6 


29 


61- 


17 16 


-25.53 


4.8 


311 


IC 2006 


El 


-4.2±0.9 


20 


51 


-1 1 


-23.05 


2.8 


122 


IC 3370 


E2 pec 


-4.8±0.5 


27 


23 


5 


-24.32 


5.1 


202 


IC 4296 


E0 


-4.8±0.4 


52 






-26.09 


10.4 


340 



(") The group/cluster identification iTuIIv Ill98g|. T88) is the following: 11 Virgo cluster and Southern Extension, 12 Ursa Major Cloud, 
13 Ursa Major Southern Spur, 14 Coma-Sculptor Cloud, 15 Leo Spur, 21 Leo Cloud, 22 Crater cloud, 23 Centaurus Cloud, 31 Antlia - 
Hydra Cloud, 41 Virgo - Libra Cloud, 42 Canes Venatici, 43 Canes Venatici Spur, 44 Draco Cloud, 51 Fornax and Eridanus Cloud, 52 
Cetus - Aries Cloud, 53 Dorado Cloud, 61 Telescopium - Grus Cloud, 62 Pavo - Indus Spur, 65 Pegasus Spur. 
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Table 2. The sample of E/SO, SO and SBO galaxies 



Ident. 


Morpho. 


1 


JJ 

[IVlpCj 


T88M 
Group 


M K 


r c 
[kpc] 


0"c 

[km s — 


E/SO and SO/E 


















NGC 1052 


E3/S0 


-4.6±0.8 


19 


52 


-1 1 


-24.00 


3.1 


215 


NGC 1351 


S0i(6)/E6 


-3.1±0.6 


19 


51 


-1 1 


-22.64 


1.9 


140 


NGC 4472 


El/S0i(l) 


-4.8±0.5 


17 


11 


-1 1 


-25.73 


8.2 


294 


NGC 4550 


E7/S0i(7) 


-2.1±0.7 


15 


11 


-1 1 


-22.25 


1.1 


96 


NGC 4570 


S0i(7)/E7 


-2.0±0.7 


17 


11 


-1 1 


-23.49 


1.5 


188 


NGC 4636 


E0/S0i(6) 


-4.8±0.5 


15 


11 


2 1 


-24.42 


6.1 


209 


NGC 5353 


S0i(7)/E7 


-2.1±0.6 


30 


42 


-1 1 


-24.74 


2.1 


286 


NGC 6868 


E3/S0 2/3 (3) 


-4.8±0.6 


38* 


61 


-1 1 


-25.58* 


6.2 


277 


S0,SB0,S0/Sa,SB0/Sa 
















NGC 584 


S0i(3,5) 


-4.6±0.9 


20 


52 


-7 7 


-24.23 


2.4 


206 


NGC 1366 


S0i(8) 


-2.3±0.7 


17* 


51 


2 1 


-22.14* 


0.9 


120 


NGC 1389 


S0i(5)/SB0i 


-2.8±0.7 


21 


51 


-1 1 


-23.00 


1.5 


139 


NGC 1533 


SB0 2 (2)/SBa 


-2.5±0.6 


11* 


53 


-1 1 


-22.58* 


1.6 


174 


NGC 1553 


SO1/2 pec 


-2.3±0.6 


18* 


53 


-1 1 


-25.00* 


5.7 


180 


NGC 2685 


S0 3 (7) pec 


-1.0±0.8 


12 


13 


-4 4 


-22.08 


1.9 


94 


NGC 3245 


S0i 


-2.1±0.5 


21 


21 


-8 8 


-23.75 


2.7 


210 


NGC 4036 


S0 3 (8)/Sa 


-2.6±0.7 


20 


12 


-5 1 


-23.93 


3.0 


189 


NGC 4339 


S0 1/2 (0) 


-4.7±0.8 


16 


11 


4 1 


-22.55 


2.5 


114 


NGC 4371 


SB0 2/3 (r)(3) 


-1.3±0.6 


17 


11 


-1 1 


-23.44 


1.9 


135 


NGC 4377 


S0i(3) 


-2.6±0.6 


18 


11 


-1 1 


-22.43 


1.1 


144 


NGC 4382 


S0i(3) pec 


-1.3±0.6 


18 


11 


-1 1 


-25.13 


4.8 


178 


NGC 4383 


SO 


-1.0±0.5 


22* 


11 


-1 1 


-22.22* 


1.2 




NGC 4435 


SB0i(7) 


-2.1±0.5 


12* 


11 


-1 1 


-23.10* 


1.2 


157 


NGC 4442 


SB0i(6) 


-1.9±0.4 


15 


11 


-1 1 


-23.63 


1.8 


187 


NGC 4474 


S0i(8) 


-2.0±0.5 


15 


11 


-1 1 


-22.27 


1.5 


88 


NGC 4477 


SB0 1/2 /SBa 


-1.9±0.4 


19 


11 


-1 1 


-24.06 


3.5 


186 


NGC 4552 


S0i(0) 


-4.6±0.9 


16 


11 


-1 1 


-24.31 


2.3 


264 


NGC 4649 


S0i(2) 


-4.6±0.8 


16 


11 


-1 1 


-25.35 


5.3 


335 


NGC 5128 


S0+S pec 


-2.1±0.6 


7* 


14- 


15 15 


-25.28* 




120 


NGC 5273 


SO/a 


-1.9±0.4 


17 


43 


1 1 


-22.43 


2.5 


66 


NGC 5631 


S0 3 (2)/Sa 


-1.9±0.4 


28 


42 


-7 3 


-23.76 


2.6 


171 


NGC 5846 


S0i(0) 


-4.7±0.7 


25 


41 


-1 1 


-25.07 


7.6 


250 


NGC 5898 


S0 2/3 (0) 


-4.3±0.9 


29 


41- 


11 11 


-24.31 


3.1 


220 


NGC 7192 


S0 2 (0) 


-3.9±0.7 


38* 


62 


-2 1 


-24.39* 


5.3 


257 


NGC 7332 


S0 2 / 3 


-1.9±0.5 


23 


65 


-2 1 


-23.81 


1.6 


136 


IC 5063 


S0 3 (3) pec/Sa 


-l.lzfcO.S 


47* 






-24.61* 


6.1 


160 



M As in Table[T] 



ity, Vhei, from NED. Most of the galaxies in the sample have 
a heliocentric systemic velocity lower than 3500 km s _1 . 
Only NGC 1275, NGC 1453, NGC 1700, NGC 7619 and 
IC 4296 exceed this limit. In the global sample, distances 
of the galaxies are less than 72 Mpc. For each galaxy we 
report the cluster/group association to which the galaxy 
should be gravitationally bound (see column 5 and the note 
of Ta ble 1). These dat a are provided in the T3000 cata- 
logue (|Tullv et al.ll2009T ). Es and SOs are located in different 
environments. Our sample includes 31 cluster members, 21 
located in the denser regions of Virgo (T88 group 11 -1 1, 
11 +2 +1) a nd 8 o f Forn ax (T88 group 51 -1 1) clusters. 
According to lTullvl (Il988l ). the environmental density asso- 
ciated with cluster members is p ^ 1.33 (gal Mpc -3 ). Two 
additional galaxies, NGC 1275 (Perseus cluster), NGC 7619 
(Pegasus I cluster), too distant to be found in Tully's Cata- 
logue, have been included in the present cluster sample. The 
remaining 60 ETGs are located in LDEs and have p ^ 0.97 
(gal Mpc" 3 ). 



acteristics noticed in different samples. In Tables 1 and 2 
we report the Mk t (column 6), a proxy of the stellar mass, 
and the central velocity dispersion (colum n 8), g e , (from 



HYPE R CAT) a proxy of the total galaxy mass |Clemens et al 



r). 

wo; 



2006, 120091 '). We applied a Mann- Whitney U-Test (|Wall 



119771 ) to both the Mk t and cr c distributions of Es and of 



SOs to compare the properties of the two samples. We ver- 
ified the null hypothesis that the two samples result from 
the same parent population can be rejected at the 99% con- 
fidence level. The median of Mk t and of a c distributions 
for Es is larger than those of SOs, suggesting that Es are less 
dominated by Dark Matter than SOs of similar total mass. 
IShankar et al. I (|2004 their Figure 1) noticed that the dif- 
ferent dominance of Dark Matter in Es with respect to SOs 
suggest that the two morphological families had different 
evolution mechanisms. 



Our sample of Es and SOs presents fundamental char- 
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Table 3. The Spitzer-IRS observations of E galaxies in RSA 



ident 


PI 


ID 


SL1 


SL2 


LL2 


LL1 


Sill IO.U X J.O J 










[fa x v^ycicj 


[fa x v_>yciej 


[fa x v_>ycioj 


[fa x v_>ycicj 


[kpc X kpc] 




E 

NGC 636 


Bregman 


3535 


14x8 


14x8 


30x6 




0.5x2.6 


3.5 


NGC 720 


Bregman 


3535 


14x8 


14x8 


30x6 




0.5x2.4 


1.0 


NGC 821 


Bregman 


3535 


14x8 


14x8 


30x6 




0.4x2.1 


0.5 


NGC 1209 


Rampazzo 


30256 


60x6 


60x6 


120x16 


120x8 


0.6x3.1 


3.9 


NGC 1275 


Houck 


14 


14x2 


14x2 


6x4 


6x4 


1.3x6.3 


4.6 


NGC 1297 


Rampazzo 


30256 


60x19 


60x19 


120x14 


120x8 


0.5x2.5 


1.6 


NGC 1339 


Bregman 


3535 


14x8 


14x8 


30x6 




0.3x1.7 


0.8 


NGC 1374 


Bregman 


3535 


14x8 


14x8 


30x6 




0.3x1.7 


2.2 


NGC 1379 


Bregman 


3535 


14x8 


14x8 


30x6 




0.3x1.7 


0.8 


NGC 1395 


Kancda 


3619/30483 


60x2 


60x2 


30x2 


30x2 


0.3x1.7 


0.6 


NGC 1399 


Bregman 


3535 


14x8 


14x8 


30x6 




0.3x1.7 


0.8 


NGC 1404 


Bregman 


3535 


14x8 


14x8 


30x6 




0.4x1.8 


2.3 


NGC 1407 


Kaneda 


3619/30483 


60x2 


60x2 


30x2 


30x2 


0.5x2.5 


0.3 


NGC 1426 


Rampazzo 


30256 


60x12 


60x12 


120x14 


120x8 


0.4x2.1 


2.1 


NGC 1427 


Bregman 


3535 


14x8 


14x8 


30x6 




0.3x1.7 


1.4 


NGC 1453 


Bregman 


3535 


14x8 


14x8 


30x6 




0.9x4.7 


2.1 


NGC 1549 


Kaneda 


30483 


60x4 


60x4 


30x4 


30x4 


0.3x1.4 


0.6 


NGC 1700 


Bregman 


3535 


14x8 


14x8 


30x6 




0.8x3.8 


3.8 


NGC 2300 


Bregman 


3535 


14x8 


14x8 


30x6 




0.4x2.3 


1.3 


NGC 2974 


Kaneda 


3619/30483 


60x2 


60x2 


30x3 


30x3 


0.4x1.8 


2.2 


NGC 3193 


Appleton 


50764 


14x4 


14x3 


30x2 


30x2 


0.6x3.0 


2.2 


NGC 3258 


Rampazzo 


30256 


60x8 


60x8 


120x14 


120x8 


0.6x2.8 


1.4 


NGC 3268 


Rampazzo 


30256 


60x9 


60x9 


120x14 


120x8 


0.6x3.0 


1.0 


NGC 3377 


Bregman 


3535 


14x8 


14x8 


30x6 




0.2x1.0 


1.1 


NGC 3379 


Bregman 


3535 


14x8 


14x8 


30x6 




0.2x1.0 


1.1 


NGC 3557 


Kancda 


30483 


60x3 


60x3 


30x3 


30x3 


0.8x4.0 


1.5 


NGC 3608 


Bregman 


3535 


14x8 


14x8 


30x6 




0.4x2.0 


1.3 


NGC 3818 


Rampazzo 


30256 


60x19 


60x19 


120x14 


120x8 


0.6x3.1 


2.7 


NGC 3904 


Kaneda 


30483 


60x3 


60x3 


30x4 


30x4 


0.5x2.4 


2.2 


NGC 3962 


Kaneda 


3619/30483 


60x2 


60x2 


30x3 


30x3 


0.6x3.0 


1.1 


NGC 4261 


Antonucci 


20525 


240x2 


240x3 


120x3 


120x2 


0.6x2.8 


1.0 


NGC 4365 


Bressan 


3419 


60x3 


60x3 


120x3 




0.4x2.0 


0.5 


NGC 4374 


Rieke 


82 


60x4 


60x4 


120x4 


120x4 


0.3x1.7 


0.5 


NGC 4473 


Bressan 


3419 


60x3 


60x3 


120x3 




0.3x1.3 


1.9 


NGC 4478 


Bregman 


3535 


14x8 


14x8 


30x6 




0.3x1.7 


7.3 


NGC 4486 


Bressan 


3419 


60x3 


60x3 


120x3 




0.3x1.5 


0.1 


NGC 4564 


Bressan 


3419 


60x4 


60x4 


120x6 




0.3x1.4 


3.3 


NGC 4589 


Kaneda 


3619/30483 


60x2 


60x2 


30x2 


30x2 


0.4x1.9 


7.9 


NGC 4621 


Bressan 


3419 


60x3 


60x3 


120x3 




0.3x1.3 


0.8 


NGC 4660 


Bressan 


3419 


60x3 


60x3 


120x5 




0.3x1.3 


8.8 


NGC 4696 


Kaneda 


3619/30483 


60x2 


60x2 


30x3 


30x3 


0.3x1.6 


0.2 


NGC 4697 


Bregman 


3535 


14x8 


14x8 


30x6 




0.2x1.1 


0.3 


NGC 5011 


Rampazzo 


30256 


60x6 


60x6 


120x12 


120x8 


0.7x3.7 


2.3 


NGC 5018 


Kancda 


30483 


60x4 


60x4 


30x3 


30x3 


0.7x3.3 


2.5 


NGC 5044 


Rampazzo 


30256 


19 


19 


14 


8 


0.5x2.7 


0.2 


NGC 5077 


Rampazzo 


30256 


60x12 


60x12 


120x14 


120x8 


0.7x3.4 


2.5 


NGC 5090 


Kaneda 


30483 


60x4 


60x4 


30x3 


30x3 


0.8x4.1 


0.3 


NGC 5638 


Bregman 


3535 


14x8 


14x8 


30x6 




0.4x2.3 


1.7 


NGC 5812 


Bregman 


3535 


60x6 


60x6 


120x12 


120x8 


0.5x2.4 


2.0 


NGC 5813 


Bregman 


3535 


14x8 


14x8 


30x6 




0.6x2.8 


0.4 


NGC 5831 


Bregman 


3535 


14x8 


14x8 


30x6 




0.5x2.4 


2.0 


NGC 7619 


Bregman 


3535 


14x8 


14x8 


30x6 




0.9x4.6 


1.0 


IC 1459 


Kaneda 


30483 


60x3 


60x3 


30x2 


30x2 


0.5x2.5 


1.1 


IC 2006 


Bregman 


3535 


14x8 


14x8 


30x6 




0.3x1.7 


1.6 


IC 3370 


Kaneda 


3619/30483 


60x2 


60x2 


30x3 


30x3 


0.5x2.4 


0.9 


IC 4296 


Antonucci 


20525 


240x2 


240x2 


120x3 


120x3 


0.9x4.5 


0.8 
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Table 4. The Spitzer-IRS observations of E/SOs and SOs in RSA 



iacnt 


PT 
1 1 




QT 1 




T T O 


T T 1 


Silt [O.O X lo J 


Area s ;; t /Ar 








[s X Cycle] 


[s X Cycle] 


[s X Cycle] 


[s X Cycle] 


[kpcxkpc] 




E/SO and SO/E 


















NGC 1052 


Kaneda 


30483 


60x2 


60x2 


30x2 


30x2 


0.3x1.7 


1.2 


NGC 1351 


Bregman 


3535 


14x8 


14x8 


30x6 




0.3x1.7 


3.2 


NGC 4472 


Bregman 


3535 


14x8 


14x8 


30x6 




0.3x1.5 


0.1 


NGC 4550 


Bressan 


3419 


60x20 


60x20 


120x14 




0.3x1.3 


5.8 


NGC 4570 


Bressan 


3419 


60x3 


60x3 


120x5 




0.3x1.5 


4.2 


NGC 4636 


Bressan 


3419 


60x3 


60x3 


120x5 




0.2x1.3 


0.2 


NGC 5353 


Applcton 


50764 


60x1 


60x1 


30x2 


30x2 


0.5x2.6 


6.1 


NGC 6868 


Rampazzo 


30256 


60x6 


60x6 


120x13 


120x8 


0.7x3.3 


1.2 


S0,SB0,S0/Sa,SB0/Sa 


















NGC 584 


Bregman 


3535 


14x8 


14x8 


30x6 




0.3x1.7 


2.1 


NGC 1366 


Rampazzo 


30256 


60x11 


60x11 


120x14 


120x8 


0.3x1.5 


11.7 


NGC 1389 


Rampazzo 


30256 


60x9 


60x9 


120x14 


120x8 


0.4x1.8 


5.8 


NGC 1533 


Rampazzo 


30256 


60x3 


60x3 


120x5 


120x3 


0.2x1.0 


1.5 


NGC 1553 


Rampazzo 


30256 


60x3 


60x3 


120x3 


120x3 


0.3x1.6 


0.3 


NGC 2685 


Rieke 


40936 


14x6 


14x6 


14x6 


14x6 


0.2x1.0 


1.3 


NGC 3245 


Sturm 


3237 


14x2 


14x2 






0.3x1.8 


1.8 


NGC 4036 


Sturm 


3237 


14x2 


14x2 






0.3x1.7 


1.4 


NGC 4339 


Bressan 


3419 


60x20 


60x20 


120x14 




0.3x1.4 


1.3 


NGC 4371 


Bressan 


3419 


60x9 


60x9 


120x10 




0.3x1.5 


2.4 


NGC 4377 


Bressan 


3419 


60x12 


60x12 


120x8 




0.3x1.6 


7.7 


NGC 4382 


Bressan 


3419 


60x3 


60x3 


120x3 




0.3x1.6 


0.4 


NGC 4383 


Wccdman 


50834 


60x2 


60x2 


120x1 


120x1 


0.4x1.9 


10.5 


NGC 4435 


Bressan 


3419 


60x3 


60x3 


120x5 




0.2x1.0 


3.1 


NGC 4442 


Bressan 


3419 


60x3 


60x3 


120x3 




0.3x1.3 


2.2 


NGC 4474 


Bressan 


3419 


60x20 


60x20 


120x24 




0.3x1.3 


3.1 


NGC 4477 


Riecke 


40936 


14x6 


14x6 


14x6 


14x6 


0.3x1.7 


0.9 


NGC 4552 


Bregman 


3535 


14x8 


14x8 


30x6 




0.3x1.4 


1.5 


NGC 4649 


Bregman 


3535 


14x8 


14x8 


30x6 




0.3x1.4 


0.3 


NGC 5128 


Houck/Lacy 


14 


6x4/0X4 


6x4/6x4 


6x4 


6x4 


0.1x0.6 




NGC 5273 


Riecke 


40936 


6x2 




6x2 


6x2 


0.3x1.5 


1.4 


NGC 5631 


Riecke 


40936 


14x6 


14x6 


14x6 


14x6 


0.5x2.4 


3.7 


NGC 5846 


Bregman 


3535 


14x8 


14x8 


30x6 




0.4x2.2 


0.3 


NGC 5898 


Rampazzo 


30256 


60x11 


60x11 


120x14 


120x8 


0.5x2.5 


2.7 


NGC 7192 


Rampazzo 


30256 


60x12 


60x12 


120x14 


120x8 


0.7x3.3 


1.6 


NGC 7332 


Rampazzo 


30256 


60x7 


60x7 


120x14 


120x8 


0.4x2.0 


6.1 


IC 5063 


Gorjan 


30572 


14x2 


14x2 


30x1 


30x1 


0.8x4.1 


1.8 



3 OBSERVATIONS AND DATA REDUCTION 

The details of the Spitzer-IRS observations for each galaxy 
are provided in Tables [3] and [4] for Es and SOs, respectively. 
In column 8 we provide the slit aperture in kpc. In column 9, 
the ratio between the area covered by the slit and the cir- 
cular aperture of radius r e /8 is given. Although we used 
a fixed aperture for the extraction of the spectra, the slit 
covers central portions of the ETGs, with a size, on the av- 
erage, of about 2-3 x 7r(r e /8) 2 (1.9±1.8 for Es and 2.9±2.8 
for SOs). We refer to this portion as the "nuclear" part of 
the galaxy throughout the paper. 

Observations were performed in Standard Staring mode 
with low resolution (R ~ 64-128) modules SL1 (7.4- 
14.5/im), SL2 (5-8.7/zm), LL2 (14.1-21. 3^m) and LL1 (19.5- 
38/im). Observations do not include, in general, all IRS mod- 
ules. 

The data reduc tion procedure is fully described in 
iPanuzzo et~aH (|201lT ). Briefly in the following we recall the 
main steps of the reduction. After the removal of bad pix- 
els from the co-added images, the sky background was re- 



moved by subtracting co-added images taken with the source 
placed in different orders at the same nod position. Offset 
exposures, if available, were used to measure the sky back- 
ground without contamination from the target galaxy it- 
self. For those galaxies for which only the LL2 module was 
used, the background subtraction was done by subtracting 
co-added images taken with the source at different nod po- 
sitions. 

In order to derive calibrated spectral energy distribu- 
tions, we taken into account that the galaxies are extended, 
compared to the IRS point spread function (PSF). Since the 
IRS spectra are calibrated on point-sources, we have devised 
an ad hoc procedure to correct for the effects of the variation 
with wavelength of the IRS PSF. We simulated the effect of 
convolvin g an intrinsic surfac e brightness profile (a modified 
King law, lElson et al.l (|1987m ) with the instrumental PSF, 
and of the extraction in a fixed width of 3.6". This pro- 
vides us a correction factor to be applied to the extracted 
spectrum as a function of the wavelength and the profile pa- 
rameters. By fitting the observed profiles with the simulated 
ones, we can reconstruct the intrinsic profiles and correct the 
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10 20 30 10 20 30 

Rest Wavelength [fJ-m] Rest Wavelength [yU-m] 



Figure 1. Spectra of Es. Flux vs. rest wavelength as obtained from Spitzer-IRS low resolution modules. Bars represent la error. The 
LL modules have been scaled to match the SL fluxes. 



extracted spectra to correspond to the intrinsic SED. This 
procedure also has the advantage of determining whether a 
particular feature is spatially extended or not. 

This procedure was applied to SL modules but not to 
LL modules where the PSF is too large to determine the in- 
trinsic surface brightness profile. For this reason, the spectra 
in the LL range are extracted as if the sources were point- 
like and then manually scaled to match the SL segment. 
This is equivalent in assuming that the light distribution at 
LL wavelengths is the same as that at the end of the SL seg- 
ment. Note that for those sources that are fully dominated 
by the nucleus (i.e. AGN-dominated like NGC 1275) there 
is no need to rescale the LL spectra. 

The rest frame, flux calibrated, IRS spectra of the sam- 
ple galaxies are shown in Figure [T] 



4 SPECTRAL PROPERTIES OF THE ATLAS 

The present atlas aims to build, from homogeneously re- 
duced Spitzer-IRS spectra, a data-set of emission lines and 
PAH intensities as well as to divide nearb y ETG nuclei into 
MIR physical classes as in IPanuzzo et all (|201lh . 



4.1 Analysis of MIR spectra 

To analyze spectra we adopted a model of the MIR emis- 
sion that takes into account the following components: 1) the 
underlying stellar continuum due to the old population char- 
acteristic of a passively evolving ETG includes the contribu- 
tion of the dusty AGB stars which domina te the emission at 
wavelengths ^ 6 /jm (jBressan et alJliood ); 2) a featureless 
thermal continuum representing a putative dust contribu- 
tion at longer wavelengths; 3) the emission from molecular 
and atomic lines and 4) the PAH features. The best fit of 



© 2013 RAS, MNRAS 000. uWI 



8 R. Rampazzo et al. 




Figure 1. (cont.) MIR spectra of Es. 



each spectrum is obtained using the Levenberg-Marquardt 
algorithm. 

The model is fully described in IVega et all (|20ld ) 
and IPanuzzo et al.l l|201lf ) and is similar to that used by 
ISmith et alJ (|2007h . The main difference consists in the se- 
lection of the underlying stellar c ontinuum compone nt. The 
stellar component is described bv lSmith et alJ (|2007T l as the 
emission of a blackbody at 5000 K. This approximation, suit- 
able for the analysis of star-forming galaxies, where the hot 
dust and PAH features dominate the MIR emission, is not 
adequate for ETGs. In these galaxies, the underlying stellar 
component usually dominates the MIR continuum at shorter 
wavelengths, and the MIR emission is characterized by a dip 
at 8 Mm, likely due t o photospheric SiO absorption bands 
jVerhoelst et al.ll2009l ). and a bump at ~10 /im from the sil- 
icate emission from the dusty circumstellar envelopes of O- 
rich AGB stars (e.g. Bressan et al. 1998, Bressan et al. 2006). 
We therefore adopt a semi-empirical, high S/ N template de- 
rived from the analysis of passive ETGs in IPanuzzo et al.l 



Hon]) to describe the stellar continuum. The template is 
built by averaging the NIR (J-H-K 2MASS) data, within 
the central 5" radius, and the 5-40 /im Spitzer-IRS spec- 
tra of three passively evolving ETGs, namely NGC 1389, 
NGC 1426, and NGC 3818. The subtraction of the underly- 
ing stellar continuum is performed by assuming that the 
NIR fluxes are completely due to the stellar component. 
Thus, we normalize our stellar continuum template to the 
observed flux in the H-band, and calculate the contribution 
of the stellar continuum to the MIR spectra. Figure [2] pro- 
vides some examples of the MIR continuum in different type 
of spectra and Figure [3] shows some examples of the fitting 
procedure ( see also next section). 



Measurements of PAH features and of the nebular and 
molecular emission lines are collected in Tables IAT1 and lA"2l 
respectively. 
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Figure 1. (cont.) MIR spectra of Es. 



4.2 MIR spectral classes 

IPanuzzo et alJ l)201lT l subdivided low resolution Spitzer-IRS 
spectra into five classes, from class-0 to class-4. Class-0 de- 
fines passively evolving nuclei. Classes from 1 to 4 aim to cat- 
egorize spectra related to different powering mechanism ac- 
tive in the nuclear regions. The classification scheme is based 
on (1) the detection of emission (atomic and/or molecular) 
lines and PAH features, (2) the value of the PAH inter-band 
ratios, (3) the presence of an excess in the MIR continuum 
over the underlying old stellar population. 

We briefly resum e below the classification criteria of 
IPanuzzo et al.l |201l[ ). Class-0 spectra show neither ionic, 
molecular nor PAH emission lines superimposed to the pho- 
tospheric stellar continuum generated by red giant stars . 
Only the silic ate features at ~10 /xm l|Bressan et alJ 120061 ) 
and at 18 /im (|Panuzzo et alj|201ll ) , arising from the cir cum- 
stellar dust of O-rich AGB stars (Br essan et al.|[l998h . are 
present in these spectra. 

Class-1 spectra show either nebular or molecular emis- 



sion lines but no PAHs. Ionic, in particular [Ne II]12.8/im, 
[Ne III] 15.5pm, [SIII] 18.7^m, 33.5^m and molecular H 2 0- 
rotational emission lines (S(n)) are detected. The contin- 
uum of this class is similar to that of passive class-0 ETGs, 
at least up to 25 /im, showing, in some cases, dust emission 
at longer wavelengths. 

All other classes show PAH complexes plus gas, ionic 
and molecular, emission lines. These latter include forbidden 
nebular emission lines of several elements like Ar, Fe, N, O, 
S and Si. PAH emission features are typically detected at 
6.2, 7.7, 8.6, 1 1.3, 1 2 .7 and 17 Ami dBregman et all 120061; 
iBressan et al. 2006 ; Kaneda et alJ 120051; Panuzzo et al.l 



120071 ; iKaneda et al.N2008l : IPanuzzo et al.ll201l1 i 



Classes 2 and 3 are distinguished via their different PAH 
inter-band ratios. Class-2 spectra have an anomalous PAH 
inter-band ratio, 7.7/im/11.3/im ^2.3. We set this value 
as the lower limit for the class-3 since, in their figure 14, 
ISmith et all ([20071 ) show that some HII dominated sources 
and star-forming galaxies may reach this low PAH inter- 
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Figure 1. (cont.) MIR spectra of Es. 



band ratio. Class-3 spectra are dominated by the 7.7^m, 
11.3/^m, 12.7/^m and 17pm PAH complexes and have nor- 
mal PAH inter-ban d ratios typical of star forming galaxies 
l|Smith et alj|2007h . 

Finally, spectra dominated by a hot dust continuum are 
collected in the MIR class-4 (see discussion below). Emission 
lines with high ionization like [S IV] and [Ne V] and PAH 
features may sometimes be visible. 

Figure[2]illustrates the variation of the continuum in the 
different MIR classes. The presence of emission lines, starts 
from class-1, and the importance of PAH features increases 
from class 2 to 3. Detailed fits of line and PAH emission 
features are shown in Figure for NGC-4477 (class-2, top 
panel), NGC 5018 (class-3, mid panel) and NGC 1052 (class- 
4, bottom panel). 

The contribution of the old stellar population to the 
MIR continuum decreases from class to class 3, becom- 
ing almost negligible in class-4. Figure [4] shows ETGs in the 
color-color 2MASS J-band/6/im vs. 6/im/15/im plane, which 



considers the MIR excess over the underlying old stellar pop- 
ulation due to the hot dust. ETG nuclei of classes 3 and 4 are 
clearly separated from more quiescent ones (classes and 1) 
and partly from class-2 nuclei. More quiescent ETGs are all 
located within a region (the rectangle in the top panel of 
Figure 0} delimited by old Single Stellar Population (SSP) 
models (age: 10 - 14.5 Gyr and me tallicity 0.004^ Z <0.05 
i.e. wl/4 - 3 Z Q (|Bressan et aljl998h ). The 6^m/15^tm value 
of NGC 4261 sets our empirical upper limit of class-4 ETGs. 
This value of the MI R excess is compara ble, within errors, to 
NGC 4486 for which iBuson et all < |200Sf ) show that the MIR 
continuum is just the superposition of a passively evolving 
spectrum and a synchrotron emission from the central AGN. 

The bottom panel of Figure U shows the discrimina- 
tion offered by 7.7/im/11.3/im PAH ratio in disentangling 
active MIR classes 2, 3 and 4. All class-2 nuclei have 
anomalous 7.7/im/11.3pim PAH ratios and 6/im/15/im val- 
ues higher than NGC 4261. All, but one, class-3 ETGs are 
located in the typical star burst (SB) region (solid horizon- 
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Figure 1. (cont.) MIR spectra of Es. 



tal lines) (|Smith et al.l 120071 ). NGC 3268 is borderline be- 
tween class-3 and class-2 since its 7.7/im/11.3/im PAH ratio 
= 2.3. NGC 5128 has both a high 6^m/15/im excess and 
a 7.7/xm/11.3/im PAH ratio typical of star forming galaxies 
(see next section). 

The result of our MIR spectral classification is collected 
in Table 5. In Figure [5] we provide a synoptic view of all ETG 
nuclei in classes 3 and 4. 



4.3 Individual notes about MIR classification 

NGC 4261 (E3) The galaxy (see Figure gj is borderline 
between class-4 and class-2. The galaxy displays a MIR spec- 
trum similar to that of NGC 4486 (see Figure [5}. At odds 
with NGC 4486, the spectrum of this galaxy shows the high 
ionization [NeV] 14.32 /im emission line and likely a dusty 
torus is needed to fully account for the observed continuum, 
in addition to a synchrotron component. 



NGC 4383 (SO:) This galaxy was included 

in MIR class-3 because of its PAH inter-band ratio 
(PAHT.T^m/PAHii.sjjm = 4.6). However, it presents the 
steepest and strongest MIR continuum of any ETG in class- 
3. The analysis of the spectrum shows that the slope of the 
MIR continuum, calculated as F„(30/im)/F„(15/^m) = 6.7, 
is c onsistent with the v alues found in starburst galaxies (see 
e.g. iBrandl et all l2006h . Furthermore, the [Nelll] 15.5 fim 
/[Nell] 12.8 ,um vs. [SHI] 33.5 mm / [Sill] 34.8 ^m diagnos- 
tic diagram (see lDale et al.ll2006l ) locates the galaxy in the 
starburst region. All of these indicate that the class-3 clas- 
sification points to the presence of on-going star formation 
in the nucleus. 

The lower values of the MIR slopes shown by the re- 
maining class-3 objects in Figure [5] (2.3 for NGC 3258, 1.2 
for NGC 3268 4.2 for NGC 5018 and 4.5 for NGC 4435 
ijPanuzzo et alJl2007l )) may indicate that the starburst phase 
in these objects is fading and there are not as many ionizing 
stars to heat the dust as in the peak of the starburst phase. 
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Figure 1. (cont.) MIR spectra of Es. 



This has been discussed in some detail by IPanuzzo et al.l 
120071 ) for the case of NGC 4435. 



NGC 5128 Cen A (SO+S pec) The most striking fea- 
ture in its IRS spectrum is the strong silicate absorption 
feature at 9.7 /im. This feature is weak or s een in emission 
in the other class-4 galaxies of the sample. ISargsvan et al.l 
(|20 1 if ) found this feature typical of the so called "absorp- 
tion AGN" while "emission AGN" have spectra similar to 
our MIR class-4 spectra. Such a strong absorption is an in- 
dication of an enormous amount of extinction towards the 
nucleus, which is prob ably embedded in a very dusty and 
compact torus (see e.g. lArmus et al.ll2007n . 



NGC 5273 (S0/a) The galaxy was included in class-4 
because of its large MIR excess over the underlying stellar 
population continuum. Unfortunately the spectrum does not 
include the SL2 module (see Table 4). 



5 DEMOGRAPHY OF MIR SPECTRAL 
PROPERTIES OF ETGS 

In the following sub-sections we investigate the MIR spectra 
and their classes as a function of the properties of the host 
galaxy in a multi-wavelength context. Adopting a Poisson 
statistics, for each percentage we obtained single-sided up- 
per and lower limits, corresponding to la Gaussian errors 
l|Gehrels Ill986h . 



5.1 MIR classes vs. morphological classification 
and galaxy environment 

We summarize the data concerning MIR classes versus E 
and SO morphological classes and the galaxy environment in 
Table El 

Es are significantly more passive than SOs: 461jq% of 
Es and 20ly 1 % of SOs have a class-0 spectrum. 

SOs show the tendency to be more gas rich than 



Es: 



80±il% of SOs and 54^ 



3 % of Es belong to classes 
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Figure 1. (cont.) MIR spectra of Es. For IC 3370 (see lKaneda et al1l200gf ), the SL observations miss the center of the galaxy by 10", 
which caused significant reduction in the S/N ratio of the SL spectrum. 



1, 2, 3 and 4 showing emission lines. Considering the 
whole sample of ETGs, 64^g 2 % of the nuclei show emis- 
sion lines, although with different intensity. This is in 
agreement with optical studies, in which, depending on 
the sample (sometimes strongly biased against passively 
evolving objec ts) the ionized ga s is detected in «50- 



90% of ETGs dPhillips et all 1 19861: iMacchetto et al 



Sarzi et all 120061. ._ 
Annibali et al.ll2010h . 



2010: lYan et alil2006l ; ISerra et al 



1996 



2008 



411"'% of Es and 57 + ! b ,% of SOs show PAH emission, 



indicating that in about half (47_iji%) of ETG s a star forma- 
tion episode has occurred a bout 10 s years ago (|Kaneda et all 
l200Sl : iPanuzzo et all [20111 ). Galaxies with normal PAH ra- 
tios, class-3 spectra, are a minority both amongst Es and 
SOs: only 9l 3 % show star forming spectra. 

IPanuzzo et all (|201ll ) considered the ratio between the 
class-2 and class-3 spectra in the hypothesis that anomalous 
PAHs in class-2 are produced by carbon stars |Vega et all 



2010). For solar metallicity, carbon stars are present in 
stellar popu lations with ages betw een ~ 250 Myr and 
~ 1.3 Gyr (jMarigp fc Girardil 120071 ). Assuming a charac- 
teristic life-time of 200 Myr for a star formation episode 
l|Panuzzo et al.ll2007l ) the expected ratio between ETGs with 
PAH anomaious /PAH normai is between 1 and 7. Here we ob- 
tain a ratio of 3.5, half of that reported in IPanuzzo et all 
|201ll ). 

All MIR class-4 spectra show PAHs, suggesting that the 
AGN phenomenon is associated with star formation. Class-4 
MIR spectra (Figure [5] bottom panel) include 3 E and 4 SO 
galaxies, corresponding to 8^3% of our ETG sample. 

The fraction of Es with PAH features (classes 2, 3 and 4) 
in clusters tends to be lower than that in LDEs (20^1% vs. 
49^ii%), suggesting that star formation episodes are trig- 
gered in LDEs. The PAH features of SOs show a similar per- 
centage in clusters and in LDEs vs. 68±H%). These 
results are consistent with other indicators that find ETGs 
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Figure 1. (cont.) MIR spectra of E/SOs. In the case of NGC 4472 the LL2 module has been arbitrarily scaled. 



located in high density environments ol der JClemens et al.l 
20061, 120091) and in ge neral, less "active" l|Moore et al.ll 19961 ; 
Feldmann et al.l l201ll . to mention theoretical approaches) 
than their counterparts in groups and in the field. 



5.2 MIR classes and the hot nuclear gas 

In the top panel of Figure [6] we plot the nuclear X-ray lu- 
minosity, Lx.nuc versus the MIR classes. The Lx.nuc (Table 
Bl, columns 4 and 9, Pellegrini 2010) refers to a central 
aperture (~2" radius) in the 2-10 keV bands of Chandra ob- 
servations (Pellegrini, private communication). The Lx,nuc 
aperture lies within the Spitzer-IRS slit width and allows us 
to investigate the presence of the AGN engine and the role 
of the X-ray radiation field on the MIR spectra. 

ETGs in class-4 have the higher values of Lx,nuc, as ex- 
pected from the presence of an AGN. The analysis of X-ray 
spectra in a sub-sample of our ETGs, obtained with Chandra 
and XMM-Newton data, show that a power law component 



is needed to account for the observe d emis si on of all ETGs 
in cl ass-4 (I Gonzalez-Martin et al.l 120091; iBoroson et al.l 



20 111; 



Machacek et al J 12004 ICapetti fc Balmaverdel 120061 ; 
Griitzbauch et al.ll2007l ; lGhosh et al.ll2005l ). 

ETGs in class-0 show low values of L x ,nuc (~ 10 38 -10 39 
erg s _1 , see Figure[6]), with some exceptions. The X-ray spec- 
tral analysis of the class-0 NGC 720, NGC 821, NGC 1399 
need an AGN contribution at odds with NGC 1427 , NGC 
3379, NGC 3377, NGC 3608, NGC 4473. iPellegrini I (|2010h 
remarks indeed the large spread of Lx,nuc and suggests that 
it could be produced by the nuclear activity cycle, where 
Lx,nuc is regulated by the joint actions of the feedback and 
the fuel availability. 

High values of Lx,nuc are also found in ETGs of classes 
1 and 2 and partly of class-3, likely reflecting the contri- 
bution of an AGN. In particular, an AGN contribution has 
been detected in the X-ray spectra of NGC 1404, NGC 4649 
and NGC 5846 of class-1; NGC 1553, NGC 2685, NGC 4036, 
NGC 4374, NGC 4552, IC 1459, NGC 5090 of class-2: NGC 
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Figure 1. (cont.) MIR spectra of SOs and SBOs. The spectrum of NGC4339 shows absorption features at 9 and 13 fira which are data 
reduction artifacts due to a bright source falling in the peak-up blue FOV during the observation. 



3245, NGC 4435, NGC 4697, NGC 5018 of class-3. No AGN 
contribution is required neither to model the X-ray spectra 
of NGC 584 (class-1) nor NGC 4589 and NGC 4696 (class- 
2). 



X-ray cavities are considere d signatures of the AGN 
feedback l|Cavagnolo et all |2010| . and references therein). 
Chandra observations detected X-ray cavities in many of our 
ETGs (NGC 3608 in class-0; NGC 4472, NGC 4649, NGC 
5813, NGC 5846 in class-1; NGC 1553, NGC 4552, NGC 
4636, NGC 5044, IC 4296 in class-2; NGC 4261 in class-4) 
suggesting an evolutionary link between MIR classes. 



5.2.1 ll.Sfim/7.7fim PAH ratio and the hot nuclear gas 

In the bottom panel of Figure [6] we plot the ratio between 
the PAH features at 11.3/im and 7.7/xm versus Lx,nuc- Al- 
though the dispersion is quite large, the figure shows a weak 
relation (the Pearson correlation coefficient is r = 0.58) be- 
tween the PAH 11.3/7.7 /im ratio and Lx nuc- braine fc Lil 
|2007h suggested that variations in PAH emission ratios can 
be accounted for by the combined effects of variations in ex- 
citing radiation, PAH size and ionization state. The nuclear 
X-ray radiation field seems indeed to play a role in the deter- 
mination of the PAH 11.3/7.7 fim ratio, t aking into a ccoun t 
the large variation of Lx,nuc reported bv lPellegrinil l|2010l ). 
ETC nuclei in class-3 (normal PAH ratios), have a lower 
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Figure 1. (cont.) MIR spectra of SOs and SBOs. 



Lx,nuc emission compared to ETGs with anomalous PAH 
ratios, as shown by the median values (large open squares 
in Figure [6] bottom panel) of classes 2 and 4. 



5.3 MIR classes, MIR atomic line diagnostics and 
H2 emission 

We report in Table Bl (colu mns 3 and 8) the optical activ- 
ity cl ass of the ETG nuclei |Ho et all 1 19971 ; lAnnibali et all 
120101 ). A large fraction of them are LINERs in the op- 
tical window since they show low ionization emission 
lines. Among optical LINERs, MIR classes well identify 
both passively evolvi ng ETGs and star forming nuclei 
l|Rampazzo et al1l201ll . their Figure 2). However, what pow- 



ers the remaining objects of the vast class of LINERs is still 
debated. 

In Figure MIR classes 1 to 4 are plotted in the 

Nenin i5.5fWIKeIpl2. 8jUm vs. [SIII]33.5fW[SiII]34.8/™i 
plane jDale et al.l l2006t) . The plot indicates the areas in 
which AGN, LINERs and starburst (SB) galaxies are typi- 
cally located. Simila rly to optical diagnostic diagrams (e.g. 
lAnnibali et all l201Ch the MIR line diagnostic is unable to 
fully separate powering mechanisms. ETGs in class-3, but 
NGC 3258, inhabit the SB sector, mix together with class- 
2 galaxies, although the two classes have totally different 
PAH ratios i.e. different star forming properties. ETGs in 
class-2 mix also with class-4, suggesting the presence of an 
AGN contribution. The class-4 NGC 4261, a LINER in the 
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Figure 2. Comparison of the passive template used in this work (dotted-dashed line) and the MIR spectra (solid line) of different 
galaxies with different degrees of MIR activity. The template has been normalized to the H-band flux of each galaxy. The 2MASS J, H, 
K-band fluxes of the galaxies, within the central 5" radius, are indicated with filled circles, while the corresponding normalized values of 
the template are plotted as open diamonds. 



optical, is located in the SB region of Figure [7] In the MIR, 
its AGN nature is suggested by the presence of an excess 
over the passive stellar continuum, similarly to NGC 4486, 
and by the high ionization [NeV] 14.32 /im emission line, as 
well as, in X-rays, by the detection of a central AGN and 
cavities. 

In the current literature, low accretion rate AGNs are 
the favoured mechanism for ionizing LINERs. Consider- 
ing that massive black holes are thought to be present in 
galax ies with a spheroidal component (e.g. iKormendv et al] 
|2004| ). the above mechanism is supported by the pres- 



ence of compact X-r ay 



Gonzalez-Martin ct al 



200 



and/or 
1 



nuclear radio sources 
UV and X-ray variability 



Maoz et al.ll2005l ; |Pian et alj201f3 ) and broad emission lines 



in the optical spectra. However, there is evidence for a deficit 
of ionizing photons from weak AGN suggesting that more 
than one excitation m echanism may operate in LINERs (see 
lEracleous et alj|2010l ) . Also the photoioniza tion by old post- 
asymptotic giant branch (post-AGB) stars (ITrinchieri et all 
ll99ll ; lBinette et al.|[l994l ; istasihska et al.ll2008h can account 
for the ionizing photon b udget only in the wea kest LINERs, 
or in off- nuclear regions IjAnnibali et al.ll2010l ). 
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Figure 3. Best fit of the spectrum of three ETGs with anoma- 
lous PAH emissions (upper panel), normal PAH emissions (middle 
panel), and steep MIR, continuum (bottom panel). Open squares 
and the solid thick red line are the observed MIR spectra and our 
final best fit, respectively. The fit is calculated as the sum of an 
underlying continuum (solid thick blue line), the PAH features 
(solid thin green line) and the emission lines (solid thin orange 
line). The two components of the continuum, old stellar popula- 
tion (dashed red line) and diffuse dust emission (dot-dashed blue 
line), are also plotted. 



For a long time, shocks iKoski et aL 1 19761 ; iHeckmarTl 
Il98d ; iDopita et all 1 19951 ; I Allen et alj|2008h have been pro- 
posed as a possible gas ionization mechanism in ETG nu- 
clei. The shock scenario may be related to the presence of 
the H2 molecular emission that is th ought to be an im- 
portant coolant in post-shock regions (|Roussel et al. I l2007l ; 
lOgle et al.ll2007l ). We found H 2 S(1) line with similar rates in 
Es (34±g°%) and SOs (5l±{l%). Several galaxies with X-ray 
cavities indeed show H2 emission, like NGC 1553, NGC 4374, 
NGC 4552, NGC 4636, NGC 5044, NGC 5813 and IC 4296, 
as well as MIR class-4 galaxies with X-ray detected AGN, 
like NGC 1275, NGC 1052, NGC 4036 and NGC 5128. How- 
ever, the largest fraction of H2 emitters is found among MIR 
class-2 galaxies. 



5.4 MIR classes and CO 

In this section we report about CO observations, with the 
aim of investigating MIR classes vs. ETGs cold gas content. 

41 galaxies of our sa mple are included in the survey of 
260 ETGs in ATLAS 3D (| Young et al.ll201ll ). Only 6 out of 
41 (15te%) were detected: 4 (NGC 4036, NGC 4435, NGC 
4477, NGC 5273) in both in CO (J = 1 - 0) and (J = 2 - 1) 
and 2 (NGC 2685 and NGC 3245) in the (J = 1 — 0) line. 
Detected galaxies are SOs and none belong to MIR classes 
or 1. NGC 2685, NGC 4036 and NGC 4477 are of MIR 
class-2; NGC 3245, NGC 4435 of class-3 and NGC 5273 of 
class-4. Their molecula r gas masses are in the range 7.27 < 
log M(H 2 ) < 8.13 Mq ([Young et al.ll201ll ). 

NG C 4550 and NGC 4697 of class-3 are u nde- 
tected inlYoung et alj (l201ll ). IWiklind fc Henkel (|200lh and 
ISofue fc Wakamatsul (|l993T l detected NGC 4550 and NGC 
4697 (together with class-2 NGC 4589), respectively, in the 
CO (J = 1 — 0) line. In this line, it is al so detected the 
class-3 SO NGC 4383 (|Thronson et al.lll989l ). 

NGC 4261 and N GC 4486, in class-4, were undetected 
bv lYoung et~al] J201ll) (see alsolOcana Flaquer et ail (|2010l ) 
for NGC 4261). ISmolcic fc Riechers! (|201ll ) detected NGC 
4486 in the (J = 1 — 0) line. Several ET Gs of class-4 have 
been detected in CO, na mely NGC 1052 JWelch et al.ll20lbl 
(J = 2-1)), NG C 1275 (jSalome et al.ll2006l) and NG C 5128 
jMorganti Il2010l ) and IC 5063 l|Morganti et al.ll2013l . in CO 
(J — 2 — 1)). Their H2 masses differ by orders of magnitude 
scaling down from about 10 10 M© in NGC 1275, to 10 s M Q 
in NGC 5128 and in IC 5063 and to about 10 7 M in NGC 
1052. 

Summarizing, all ETGs detected in CO lines show 
PAHs, either with normal or anomalous ratios, in their MIR 
nuclear spectra. 



5.5 MIR classes and the radio continuum at 1.4 
GHz 

A large fraction of ETGs in the present sample are radio 
emitters, although with different radio intensities, morpholo- 
gies and classes. In Table Bl (columns 5 and 10) we repor t 
the 1.4 GHz radio power catalogued by I Brown et alj l|201ll ). 
These authors found that the radio powers of ETGs, with 
similar Mk magnitude, may vary by roughly than two or- 
ders of magnitude over long periods of time. The radio power 
may keep trace of the past activity (AGN and/or star for- 
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mation) useful to investigate the possible link between MIR 
classes. 

Figure [8] (top left panel) shows the distribution of the 
1.4 GHz radio power vs. Mk magnitude. All E TGs brighter 
than -25.2 mag. are detected. According to iBrown et al.l 
(2011). massive galaxies always host an AGN or have re- 
cently undergone star formation. The top right panel of Fig- 
ure[S]shows Mk magnitude vs. MIR classes. Each MIR class 
covers roughly the full range of M;(. 

The Piaghz vs. MIR class suggests the following con- 
siderations. Although with a large dispersion, the class-4 
includes the more powerful radio sources (Figure [8l bottom 



panel) . Star forming, class-3, ETGs have intermediate/low 
radio power. A star formation rate of ~1 Mq yr _1 is ex- 
pected to produce 10 21 W Hz" 1 of ra dio emission in ETGs 
l|Wrobel fc Heeschen|[l988l ; iBell 1120031 ). The Milky Way (in- 
dicated in the plot) has a radio power Piaghz — 4xl0 21 
W Hz -1 . In class-2, the stronger radio emitters are ETGs 
with X-ray cavities, lik ely connected to the AGN feedback 
i|Cavagnolo et al.ll2010| ). X-ray cavities are also detected in 
class-1 and in the E of class-0 NGC 3608 (M K =-24.80), de- 
tected at 1.4 GHz. 

ETGs in class-0 set the lower boundary of the Piaghz 
radio power. Remarkable exceptions are NGC 1407 and 
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Figure 6. ( Top panel) Ga laxy nuclear X-ray luminosity, 
Log Lx nuc, llPellegrini I [2010) vs. MIR classes. X-ray bright 
galaxies of classes 0, 1, 2 are labeled. (Bottom panel) The ra- 
tio of PAH features at 11.3 and 7.7 /an vs. Log Lx,nuc- Arrows 
represent upper limits and are colour coded as the detections. The 
large, open squares represent the median value of detected objects 
in each class. The bottom right diamond refers to the PAH ratio 
measured for NGC 5128. The strong absorption centred at 10/xm 
(see Figure [TJ probably perturbs the measure of the PAH line 
strength so that the PAH ratio is likely a lower limit. Therefore, 
in addition to the diamond, we label it with an arrow. 



NGC 1399. These are among the brightest (M K < - 25 - 3 ) 
Es in the sample, have radio jets JVan Velzen et all 20121 ) 
and X-rays detected AGN in their nuclei 1 Pellegrini Il2005fi . 
A misalignment of the SL and LL slits with respect to the 
jet position angle may explain the class-0 spectrum of these 
galaxies. In the case of NGC 4 486, the jet is s ampl ed only by 
the LL slits, notwithstanding iBuson et al. (2009) detected 
the synchrotron emission. 



MIR CLASSES AND ACCRETION 
SIGNATURES 



IPanuzzo et alj ()201 lh suggested that an accretion event may 
cause a passively evolving ETG (class-0) to ignite star for- 
mation (class-3) and/or feeding the central black hole, revi- 
talizing the AGN activity (class-4). We review here possible 
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accretion signatures, such as peculiarities in the morphology 
and kinematics of the galaxy and of the dust-lane structure. 



6.1 Morphological and kinematical peculiarities 

In Table B2 and Table B3 we collect the kinemati- 
cal (column 3) and morphological (column 4) peculiari- 
ties described in the literature for Es and SOs, respec- 
tively. The kinematical notes consider the detection of 
counter rotation (CR), gas vs. gas, stars vs. gas and 
stars vs. stars, and of multiple kinematical components 
(MC), widely believed to be ass o ciated with accretion 
events (see e.g. ICorsini et alj Il998l ; iKrainovic et alj 120081 ; 



© 2013 RAS, MNRAS OOO.ITH271 



22 R. Rampazzo et al. 



Table 6. Demography of MIR spectral classes 
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iBois et al] |2012| ). Other kinematical peculiarities are re- 
ported, like rotation along the minor axis, a phenomeno n 
often associated with galaxy triaxiality (B ertola et al.lll988h . 
The morphological peculiarities include the detection of 
shells, tidal tails, peculiar isophote shapes that are be- 
lieved to be asso ciated with interaction and/or minor/major 
merger events (iThomson fe Wright] Il990l: iThomsonl 1 199 it 
iDupraz fc Combeslll986l ; lHenquist fe Quinnlll987al lbf). 

41±f% of ETGs show some form of kinematical pe- 
culiarity. The percentage is likely a lower limit since 
some galaxies do not have detailed kinematical studies. 
Many galaxies also show morphological peculiarities. The 
above rate is consi stent with the findings (53^4°%) of 
van Dokkum I (|2005h obtained from the analysis of mor- 
phological peculiarities in a comparable sample of nearby 
ETGs. He concludes that the majority of today's most lu- 
minous Es in the field were assembled through mergers of gas 
poor, bulge dominated systems. However, the high fraction 
of ETGs nuclei with line emission we found (64| 2 %) argues 
that the above "dry merger" scenario is not so relevant. 

Although the column 4 in the Tables B2 and B3 is 
largely incomplete, due to a still limited number of 2D kine- 
matical studies, it is evident that kinematical (and mor- 
phological) signatures of accretions are found also in pas- 
sively evolving Es and SOs (e.g. NGC 3377, NGC 3608, 
NGC 4570, NGC 4621, NGC 4660, NGC 5831). The fact 
that ETGs in class-0 show kinematical/morphological pecu- 
liarities suggest these are long lasting structures with respect 
to spectroscopic features: galaxies were active in the recent 
past, as traced by the peculiar kinematics/structures, but 
thei r spectra have already evolved into a passive phase (see 



tneir spectra nave already 
e.g. lLonghetti et al.ll200oi. 



for shell g alaxies). Another pos- 
sibility is a "dry" ( van Dokkum |[2005l ) and sterile accretion, 
i.e. it did not induce a star formation/AGN episode. De- 
spite the presence of kinematical/morphological distortions, 
the spectrum remains passive, as in the case of an unper- 
turbed / quiescent galaxy. 



6.2 Dust-lane peculiarities 

In column 5 of Tables B2 and B3 a description of the ob- 
served dust-lanes in the nuclear region is provided. The dust- 
lane morphology is available for 48/56 Es and for 25/35 SOs. 
50t\l% of Es and 32±J?% SOs do not show dust-lanes. 

Dust in ETGs, including the most passive objects, is 
normally produced by the collective outflow of dusty gas 
from evolving AGB stars. The silicate emission from this 



dust explains the 10 /xm feature seen in MIR ETGs spectra 
ijKnapp et alJll989t lAthev et al.ll2002r i. 

However, the short lifetime of dust in the ETGs environ- 
ment means that little dust can accumulate unles s somehow 
shielded from the hot gas ijClemens et al.l l2010h . In addi- 
tion, the distribution of this dust follows that of stars, so 
dust-lanes cannot be produced in this way. 

The presence of dust-lanes and their asymmetries there- 
fore points to an external origin for the dust. An ex- 
ternal origin is also consistent with (1) the lack of any 
strong correlati on between FIR and optical galactic lu- 
minosities (e.g. | Forbesl 1991 ; iGoudfrooii fe de Jond 1 19951 : 



iTrinchieri fe G oudfrooii 



2002); (2) warm, counter-rotating 



gas observed in some ETGs (see Tables Bl and B2), (3) 
the d istorted morphology of the dust (e.g. iFinkelman et all 
l2012h . 

In 42±J|% of Es and 24±* 4 % of SOs the dust-lane mor- 
phology is irregular or chaotic. Dust-lanes are often asso- 
ciated with morphological and/or kinematic peculiarities. 
Irregular/chaotic dust-lanes are found in all MIR classes. 
Dust-lanes, some quite complex, are found in class-4 (NGC 
1052, NGC 1275, NGC 5128, NGC 5273 and IC 5063). Some 
Es, like NGC 1407, NGC 4621, NGC 4660 and NGC 5831, 
with MIR class-0 spectra, do not have dust-lanes detected 
in the optical but display kinematical peculiarities, such as 
counter rotation or rotation along the apparent minor axis, 
suggesting that either dry accretion events or dust evapora- 
tion may have occurred. 



7 SUMMARY AND CONCLUSIONS 

We present homogeneously reduced and calibrated low reso- 
lution, Spitzer-IRS spectra of a samp le of 91 ETGs (T < 0) 
in th e Revised Shapely Ames Catalog (|Sandage fe Tammannl 
Il987f ). We aim to provide a MIR atlas of well studied, nearby 
ETGs in the range ~ 5 — 40 fim. 

The atlas provides a measure of the atomic and molec- 
ular emission lines and PAH intensities. We classify each 
spectrum into one of the 5 MIR spectral classes devised by 
IPanuzzo et al.l (|201lt ) for characterizing passive (class-0) in- 
termediate (class- 1 and class-2), star forming (class-3) and 
AGN (class-4) nuclei. The main results are the following. 

• The nucleus of w 1/3 (36±g%) of nearby ETGs in 
the atlas has a MIR class-0 sp e ctrum , i.e. passively evolv- 
ing according to iBressan et al.l |2006j ) . Class-0 spectra are 
more frequently detected among Es than SOs (46^ K 1 |% vs. 
20jZy 1 %). ETGs in class-0 set the lower boundary of the 
Piaghz radio power, i.e. they are the most quiescent nuclei, 
on average. Relevant exceptions are the massive (Mr <- 
25.2), class-0 Es in Fornax NGC 1399 and NGC 1407, both 
having a high Piaghz and a radio-jet. 

About 78i^g% of Es and all SOs in class-0 show no dust- 
lanes in the optical, although some galaxies show kinemati- 
cal and morphological distortion, pointing to the occurrence 
of a past accretion episode. Thus, class-0 ETGs include 
either genuinely unperturbed, passively evolving galaxies 
or systems in which the effect of accretion has already 
quenched. 

• Emission lines are detected in 64±g 2 % of nuclei. The de- 
tection of emission lines in many galaxies that show kinemat- 
ical evidence of merger events argues against the so-called 
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Figure 7. Emission line diagnostic diagram (from Dale et al. 2006) separating AGN from LINERs and star burst (SB) ETGs. We 
indicate MIR classes and have labeled some relevant galaxies. 



"dry mergers" being an important formation mechanism for 
ETGs. H2 molecular lines are also frequently detected: the 
H 2 S(1) emission line is detected in 34±*°% of Es and 51±{ B 2 % 
of SOs. PAH features (classes 2, 3 and 4), detected in 471*% 
of ETGs, tend to be less frequently found in cluster Es than 
in their LDE counterparts, suggesting a triggering of the 
star formation activity in LDEs. ETGs detected in the CO 
( J = 1 — 0) and/or (J = 2 — 1) lines show PAH complexes, 
either with normal or anomalous ratios, in their MIR nuclear 
spectra. 

• A small fraction (9lg%) of ETGs shows class-3 spectra 
with normal PAH ratios, typical of star forming galaxies. 
The ratio between ETGs with normal (class-3) vs. anoma- 
lous (class-2) PAHs is consistent with being produced by 
a star formation episode with typical lifetime of 200 Myr. 
Class-3 ETGs have radio powers typical of star forming 
galaxies jBrown et al.ll201lh . 

• The 11.3/7.7 /im PAH ratio weakly correlates with the 
galaxy X-ray nuclear luminosity, Lx,nuc, suggesting a depen- 
dence on the radiation field. Class-3 nuclei tend to be less 
luminous in X-rays with respect to both class-4 and class-2, 
where an AGN contribution may be present. 

iPanuzzo et al.l (|201ll ) suggest that each of the five MIR 
classes is a snapshot of the evolution of ETG nuclei dur- 
ing an accretion episode, starting from, and ending with, 
a class- spectrum. The MIR emission line diagnostic di- 
agram jDale et al.ll2006h is unable to distinguish between 
the different powering mechanisms ionizing the ISM. MIR 
classes are successful in identifying those LINER nuclei pow- 
ered by star formation (class-3). Most ETGs in class-4 in- 
dicate the presence of an AGN. Several mechanisms ioniz- 
ing the ISM seem to be at work, especially in transition 
class 2 where (low accretion rate) AGN, shock fronts (X- 



ray cavities, H2) and/or past star formation (PAHs) signa- 
tures combine. ETGs in class- 1 may still show signatures of 
past activity like strong radio emission and X-ray cavities in 
some galaxies. The MIR class- 1 continuum is indistinguish- 
able from that of class-0, suggesting that this class marks the 
end of the active phase in the nucleus. Kinematical and/or 
morphological scars of recent accretion episodes are found 
in a large fraction (41**%) of our ETGs, even in passively 
evolving galaxies, further supporting the view of an evolu- 
tionary link between the MIR classes and accretion/feedback 
phenomena. 
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APPENDIX A: INTENSITIES OF PAH 
COMPLEXES, NEBULAR AND MOLECULAR 
EMISSIONS 

Table Al lists the intensity of PAH complexes of ETGs in the 
MIR spectral classes 2, 3 and 4. Table A2 lists the intensity 
of nebular and molecular line emission of ETGs in the MIR 
spectral classes 1, 2, 3 and 4. See Section[3]for details. 



APPENDIX B: TABLES OF NUCLEAR 
PROPERTIES OF ETGS 

We collect in Appendix B a set of tables summarizing the 
properties of ETGs used to characterize the MIR spectral 
classes in the atlas. References are reported in the caption 
of each table. 

In Table Bl we report the optical "activity" class 
(columns 3 and 8), the nuclear (2" radius) X-ray luminosity, 
Lx.nuc (columns 4 and 9) and the radio power at 1.4 GHz 
(columns 5 and 10) which refers to the entire galaxy. In 
Table B2 and Table B3 we report the kinematical and mor- 
phological peculiarities (columns 3 and 4) for Es and SOs, 
respectively. In column 5 we give the morphology of dust- 
lanes from optical observations. The kinematical peculiari- 
ties refer to the nuclear part of the galaxy, basically within 
one effective radius or less, so they provide a description of 
star and gas properties that contribute to the formation of 
the present Spitzer-IRS spectrum. 
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Table Al. PAH complex intensities. 
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Notes. Uncertainties arc Ict. Includes the 7.42 fJ.m, 7.60 /^m and the 7.85 p m features. ' fe ) Includes the 11.23 fll la, and the 11.33 ^ .m features. ( c ) Includes the 12.62 

fim and the 12.69 jJ,'. „ features. W Includes the 16.45 /J.m, 17.04 /J.m, 17.375 p.ra and the 17.87 fj.ro. features. We consider the 8.6 fim and 11.3/im PAH emissions in 

NGC 5128 as lower limits because of the huge silicate absorption. 



This paper has been typeset from a TjrjX/ I^T|rjX file prepared 
by the author. 
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Table A2. Nebular and molecular emission line intensities 



Galaxy H 2 0-0 S(7) H 2 0-0 S(6) H 2 0-0 S(5) [Aril] H Pfa H 2 0-0 S(4) [Arlll] H 2 0-0 S(3) [SIV] H 2 0-0 S(2) 

name 5.51 6.11 6.91 6.99 7.46 8.03 8.99 9.66 10.51 12.28 
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IC 3370 










4.2 ± 0.3 


4.8 zb 0.4 












2.3 ± 0.3 


3.7 zb 0.4 








2.2 zb 0.2 


IC 4296 


































2.2 ± 0.5 


tp /cn 
sLi/ 




































NGC 1052 


17.8 


± 


3.1 8.7 ± 


2.7 


31.5 ± 7.8 


81.0 zb 2.7 










6.7 ± 2.0 


17.0 zb 2.9 


63.3 zb 10.7 








11.2 zb 3.9 


NGC 4472 










3.1 ± 1.0 


11.3 zb 2.5 
























NGC 4550 






2.0 ± 


0.4 


3.4 ± 0.4 


2.7 zb 0.3 












1.3 zb 0.2 


6.4 ± 0.6 


1.9 


± 


0.4 


2.4 ± 0.3 


NGC 4636 




































NGC 5353 


























2.0 zb 0.6 








1.1 ± 0.1 


NGC 6868 


7.0 


zb 


2.0 3.5 ± 


1.0 


20.2 ± 1.4 


16.3 zb 1.0 










6.0 ± 0.5 


4.0 =b 0.6 


23.9 =b 1.5 


1.4 


zb 


0.4 


8.9 ± 0.3 


SO 




































NGC 584 




































IN \J loOO 




































NGC 1533 












2 2 + r 








1 2 






3 6 ± 7 








18 + 04 


NGC 1553 






1.5 ± 


' 


5 9 + 08 


10 6 ± 1 2 










3 7 + 04 






3 7 


-!- 


8 


6 2 ± 6 


NGC 2685 












7.6 zb 1.0 


2 


3 


+ 


0.6 


2.4 ± 0.3 


4.2 zb 0.9 


7.9 zb 1.0 


3.0 


± 


0.6 


2.7 ± 0.3 


NGC 3245 










25.0 ± 1.5 


36.8 zb 1.8 


18 


.1 


zb 


8.0 
















NGC 4036 






24.6 ± 


3.0 


20.5 ± 1.2 


7.5 zb 1.1 










10.6 ± 1.0 


8.8 zb 1.2 


35.7 zb 2.1 


1.5 


± 


0.4 


13.8 ± 1.0 


NGC 4371 


































1.2 ±0.3 


NGC 4382 




































NGC 4383 












91.3 zb 5.0 












83.1 zb 3.1 




81.3 


± 


17.2 




NGC 4435 










25.0 ± 1.5 


40.0 zb 2.0 










22.2 ± 2.0 














NGC 4477 






4.0 ± 


1.0 


9.0 ± 1.0 


18.9 zb 1.3 










3.2 ± 0.4 


4.9 zb 0.7 


12.8 zb 1.7 


2.9 


± 


0.7 


7.0 zb 0.5 


NGC 4552 


























10.4 zb 3.4 








2.8 zb 0.9 


NGC 4649 




































NGC 5128 






83. 4± 


22.2 


246.6 ± 40.2 


804.3 zb 92.9 










54.5 ± 8.9 


82.9 zb 26.2 


231.7 zb 71.3 








213.7 zb 69.3 


NGC 5273 






















22.9 ± 2.0 






30.4 


± 


8.0 


9.5 zb 0.8 


NGC 5631 










6.3 ± 1.3 


3.8 zb 1.0 


5 


9 


zb 


1.2 




3.4 zb 1.1 


11.0 zb 1.5 










NGC 5846 


























0.5 zb 0.1 








0.6 zb 0.1 


NGC 5898 


























4.1 zb 1.4 








0.9 zb 0.2 


NGC 7192 












2.6 zb 0.8 
























NGC 7332 


























3.9 zb 0.2 










IC 5063 










133.8 ± 27.7 


106.5 zb 29.6 












176.3 zb 44.8 


244.9 ± 49.9 


788.5 


± 


123.9 





Notes. Uncertainties arc 1<t. Values are in unit of 10 [W m ]. Neither atomic nor molecular emission lines are detected in Passive ETGs. The two lines are 

blended in LL1 spectra: the values reported arc the result of a lino dc-blcnding. 
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Table A2. Nebular and molecular emission line intensities (cont.) 



Galaxy [Nell] [NcV] [Nelll] H 2 0-0 S(l) [ PeI1 ] [SHI] [Arlll] [NcV] [OIV] d [ FeII ] d 

name 12.81 14.32 fim 15.55 17.03 17.94 18.71 21.83 24.32 25.89 25.99 

[i m n m fMXti fj. in. j± m /j, m fj, m f-lOX fim. fill) 



E 










































NGC 1209 


3.1 ± 0.3 








3.0 ± 0.2 




0.9 ± 


0.1 


1.5 ±0.1 


















0.4 


± 0.1 


2.1 ± 0.2 


NGC 1275 


507.1 ± 50.1 








398.6 ± 98.8 
































NGC 1297 


1.9 ± 0.1 








1.2 ± 0.1 


7.5 ± 0.2 






0.4 ± 0.1 


















0.8 


± 0.1 


1.0 ± 0.1 


NGC 1395 


2.8 ±0.2 








































NGC 1404 


5.9 ± 2.0 








4.3 ± 1.5 
































NGC 1453 


3.6 ± 0.4 








7.5 ± 0.5 


2.2 ± 0.2 






2.3 ± 0.3 
























NGC 1549 


2.5 ± 0.4 








4.4 ± 0.5 


0.8 ± 0.2 






1.6 ± 0.4 
























NGC 1700 










2.8 ±0.9 
































NGC 2974 


35.0 ± 1.0 








27.5 ± 1.2 


21.8 ± 1.1 






13.3 ± 0.9 












7.3 


± 


0.9 


2.1 


± 0.2 


10.3 ± 0.6 


NGC 3258 


15.2 ± 0.5 








4.6 ± 0.3 


6.6 ± 0.3 


1.2 ± 


0.2 


3.7 ± 0.3 


2 


2 


± 





5 








1.1 


± 0.2 


1.8 ± 0.4 


NGC 3268 


10.5 ± 0.4 








5.5 ± 0.2 


3.0 ± 0.3 


1.0 ± 


0.3 


3.4 ± 0.2 


1 


3 


± 





2 








1.0 


± 0.1 


1.9 ± 0.2 


NGC 3557 


9.6 ± 0.6 








9.0 ± 0.6 




1.4 ± 


0.2 


2.7 ± 0.3 












1.1 


± 


0.3 


0.8 


± 0.1 


2.8 ± 0.3 


NGC 3962 


14.2 ± 0.4 


1.0 


± 


0.1 


8.2 ± 0.5 


4.7 ± 0.2 


2.8 ± 


0.2 


5.3 ± 0.2 


















3.1 


± 0.2 


3.0 ± 0.2 


NGC 4261 


31.7 ± 1.6 


1.7 


± 


0.4 


11.6 ± 0.8 








1.3 ± 0.3 
























NGC 4374 


32.9 ± 1.3 


1.0 


± 


0.3 


26.5 ± 1.1 


8.3 ± 0.6 


1.7 ± 


0.3 


14.9 ± 0.5 


2 


5 


— 


o 


Q 








3.5 


± 0.3 


5.7 ± 0.6 


NGC 4486 


58.3 ± 2.8 








24.1 ± 2.7 








19.1 ± 3.1 
























NGC 4589 


0.4 ± 0.1 








0.3 ± 0.1 


0.3 ± 0.1 






0.3 ± 0.1 
























NGC 4696 


13.3 i 0.6 








7.6 ± 0.3 


6.4 ± 0.3 






1.2 ± 0.1 


















1.5 


±0.1 


2.8 ± 0.2 


NGC 4697 


8.3 ± 0.6 








9.1 ± 1.1 


4.0 ± 0.5 






5.8 ± 0.8 
























NGC 5011 




6 




2 




























9 


± 0.1 


5 ± 1 


NGC 5018 


19.7 ± 1.0 








15.9 ± 1.0 


7.3 ± 0.4 






6.0 ± 0.7 


















2.5 


± 0.4 


3.1 ± 0.7 


NGC 5044 


24.3 ± 0.9 








12.2 ± 0.4 


13.4 ± 0.5 


0.6 ± 


0.1 


3.1 ± 0.2 


1 





± 





2 


1.2 


± 


0.2 


1.5 


± 0.1 


2.1 ± 0.2 


NGC 5077 


20.6 ± 1.0 


0.6 


± 


0.1 


17.9 ± 0.8 


12.7 ± 0.7 


1.4 ± 


0.2 


6.3 ± 0.4 


2 


9 


± 





6 








1.7 


± 0.1 


8.4 ± 0.5 


NGC 5090 


20.7 ± 0.6 


0.9 


± 


0.1 


9.4 ± 0.6 


1.6 ± 0.3 


3.8 ± 


0.4 


4.0 ± 0.3 


4 


1 


± 





4 








2.7 


± 0.3 


2.2 ± 0.2 


NGC 5813 


6.3 ± 0.3 








7.0 ± 0.3 


2.3 ± 0.4 






3.0 ± 0.2 
























NGC 7619 










1.4 ± 0.6 
































IC 1459 


51.4 ± 2.1 








38.7 ± 1.7 


1.4 ± 0.3 


3.6 ± 


0.6 


9.9 ± 0.7 












4.7 


± 


1.1 


2.8 


± 0.3 


12.3 ± 1.0 


IC 2006 










3.4 ±1.6 
































IC 3370 


2.1 ± 0.1 








1.4 ± 0.1 


4.4 ± 0.2 






0.6 ± 0.1 












0.3 


± 


0.1 


0.7 


± 0.1 


0.9 ± 0.1 


IC 4296 


24.1 ± 1.4 


0.5 


± 


0.1 


10.9 ± 0.7 


1.7 ± 0.5 


1.4 ± 


0.3 


4.2 ± 0.6 


















3.9 


± 0.4 


2.9 ± 0.2 


E/SO 










































NGC 1052 


250.3 ± 9.7 








180.4 ± 9.3 


47.5 ± 9.7 


43.6 ± 


12.6 


71.4 ± 9.4 


















27.2 


± 3.9 


50.1 ± 9.3 


NGC 4472 


2.7 ± 0.7 








































NGC 4550 


4.3 ± 0.3 








































NGC 4636 


12.9 ± 0.8 








15.1 ± 0.8 


2.4 ± 0.4 






6.1 ± 0.5 
























NGC 5353 


2.5 ± 0.2 








3.3 ± 0.3 


2.1 ± 0.1 






1.7 ± 0.2 


















0.7 


± 0.1 


1.8 ± 0.2 


NGC 6868 


30.0 ± 1.0 


1 . 1 




0.1 


23.8 ± 0.8 


9.6 ± 0.6 


1.5 ± 


0.2 


7.8 ± 0.4 


1 


3 







4 


2.0 


± 


0.4 


4.8 


± 0.3 


6.6 ± 0.4 


SO 










































NGC 584 


3.1 ± 1.0 








6.5 ± 0.7 
































NGC 1366 


1.9 ± 0.4 








3.4 ± 0.4 








1.7 ± 0.2 


















0.5 


± 0.1 


0.5 ± 0.1 


NGC 1533 


5.3 ± 0.3 








6.6 ± 0.4 


4.5 ± 0.2 






5.7 ± 0.4 


1 


6 







2 








0.6 


± 0.1 


3.0 ± 0.3 


NGC 1553 


25.1 ± 0.9 


0.4 


± 


0.1 


22.3 ± 1.6 


5.7 ± 0.5 






8.5 ± 0.9 


















1.3 


± 0.2 


6.1 ± 0.9 


NGC 2685 


8.6 ± 0.5 








6.9 ± 0.4 


5.2 ± 0.3 






0.5 ± 0.1 


















1.4 


± 0.2 


2.4 ± 0.2 


NGC 3245 


104.6 ± 13.6 








































NGC 4036 


34.2 ± 1.4 








































NGC 4371 


1.8 ± 0.2 








0.7 ± 0.2 
































NGC 4382 










3.4 ± 0.9 
































NGC 4383 


359 ±11.1 








373.0 ± 16.3 


24.6 ± 8.0 






305.5 ± 19.3 


















26.9 


± 7.6 


25.6 ± 8.0 


NGC 4435 


85.9 ± 2.3 








22.2 ± 2.6 


17.6 ± 2.2 






22.4 ± 1.7 
























NGC 4477 


20.2 ± 1.0 


1.1 


± 


0.3 


19.7 ± 1.0 


12.8 ± 0.6 


1.5 ± 


0.2 


9.3 ± 0.4 


















4.5 


± 0.4 


5.6 ± 0.4 


NGC 4552 


13.5 ± 1.1 


0.3 


± 


0.1 


10.4 ± 1.1 








10.0 ± 1.0 
























NGC 4649 


2.2 ± 0.8 








3.7 ± 0.8 
































NGC 5128 


2057.8 ± 118.1 


201.4 


± 


64.2 


1297.1 ± 148.6 


634.7 ± 60.2 






710.9 ± 62.2 


















541.3 


± 75.3 


551.3 ± 109.2 


NGC 5273 


27.0 ±1.3 








16.4 ± 1.6 


7.5 ± 1.2 






9.7 ± 1.5 
























NGC 5631 


3.4 ± 0.1 








3.2 ± 0.1 


4.6 ± 0.2 






1.0 ± 0.1 












2.4 


± 


0.2 


1.4 


±0.1 


1.7 ±0.1 


NGC 5846 


12.5 ± 0.9 








9.1 ± 0.6 


2.0 ± 0.2 






3.8 ± 0.3 
























NGC 5898 


4.2 ± 0.3 








8.3 ± 0.5 


3.1 ± 0.3 






3.8 ± 0.4 












1.2 


± 


0.4 


0.5 


± 0.1 


2.1 ± 0.2 


NGC 7192 


2.4 ± 0.4 








1.0 ± 0.2 


0.3 ± 0.1 


0.3 ± 


0.1 


0.3 ± 0.1 


1 





■ 





2 












0.6 ± 0.1 


NGC 7332 










9.0 ± 0.9 


1.7 ± 0.3 






3.4 ± 0.5 












1.2 


± 


0.4 


3.4 


± 0.2 


4.7 ± 0.3 


IC 5063 


238.7 ± 48.2 


335.2 


± 


68.7 


1103.6 ± 88.9 


168.1 ± 36.9 






321.7 ± 71.2 












402.8 


± 


107.1 


477.1 


± 44.8 


673.0 ± 51.4 
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Table A2. 



Rampazzo et al. 

Nebular and molecular emission line intensities (cont.) 



Galaxy H 2 0-0 S(0) [SIII] [Sill] [Fell] [Nelll] 

name 28.22 33.48 34.82 35.35 36.01 

^tm ^tm ^im fim ^tm 



1 • 

hi 




























NGC 


1209 








3.5 ± 0.2 


11.3 ± 0.3 








1 


1 


= 


0.1 


NGC 


1275 








456.0 ± 122.0 


847.4 ± 127.8 
















NGC 


1297 


3.0 


± 


0.1 


1.5 ± 0.1 


5.5 ± 0.2 


0.3 


± 


0.1 










NGC 


1395 


























NGC 


1404 


























NGC 


1453 


























NGC 


1549 


























NGC 


1700 


























NGC 


2974 


2.6 


± 


0.6 


13.5 ± 1.2 


44.9 ± 1.2 
















NGC 


3258 








5.6 ± 0.5 


















NGC 


3268 








4.8 ± 0.3 


7.6 ± 0.5 
















NGC 


3557 








8.4 ± 0.4 


7.1 ± 0.4 


2.7 


± 


0.3 


4 


3 


± 


0.3 


NGC 


3962 








6.2 ± 0.5 


31.7 ± 1.0 


1.4 


± 


0.4 


2 


1 


± 


0.3 


NGC 


4261 


2.7 


± 


0.9 


9.3 ± 1.1 


















NGC 


4374 


2.2 


± 


0.6 


24.3 ± 1.0 


40.8 ± 1.3 


3.6 


± 


0.7 










NGC 


4486 


























NGC 


4589 








0.3 ± 0.1 


0.4 ± 0.1 
















NGC 


4696 


0.9 


± 


0.1 


4.9 ± 0.2 


14.5 ± 0.5 


4.0 


± 


0.1 


4 


5 


= 


0.2 


NGC 


4697 


























NGC 


5011 








3.1 ± 0.2 


5.0 ± 0.2 
















NGC 


5018 








12.1 ± 2.7 


18.3 ± 3.8 
















NGC 


5044 


1.5 




0.2 


9.0 ± 0.3 


44.4 ± 1.1 


0.8 




0.1 


1 


4 


= 


0.1 


NGC 


5077 


2.6 


± 


0.5 


11.7 ± 0.6 


45.6 ± 1.4 


2.1 


± 


0.5 


1 


6 


= 


0.5 


NGC 


5090 


0.8 


± 


0.2 


5.3 ± 0.4 


12.9 ± 0.5 
















NGC 


5813 


























NGC 


7619 


























IC 1459 


3.1 


± 


1.0 


23.5 ± 1.7 


50.0 ± 2.2 
















IC 2006 


























IC 3370 


0.7 


± 


0.1 


1.6 ± 0.2 


0.9 ± 0.2 


1.5 


± 


0.2 










IC 4296 








10.1 ± 1.1 


15.0 ± 0.8 


2.0 


± 


0.5 










E/SO 


























NGC 


1052 








84.6 ± 13.3 


207.3 ± 18.4 
















NGC 


4472 


























NGC 


4550 


























NGC 


4636 


























NGC 


5353 


0.8 




0.2 


1.0 ± 0.3 


3.4 ± 0.3 


2.8 




0.4 


2 


9 


— 


0.4 


NGC 


6868 








22.3 ± 0.8 


28.8 ± 1.0 


2.8 


± 


0.5 


3.8 


± 


0.5 


SO 




























NGC 


584 


























NGC 


1366 








1.5 ± 0.1 


2.7 ± 0.2 


1.5 


± 


0.2 










NGC 


1533 


1.8 


± 


0.3 


6.3 ± 0.4 


12.0 ± 0.4 


0.5 


± 


0.1 










NGC 


1553 








15.4 ± 1.0 


28.9 ± 1.8 








7 


5 


± 


0.7 


NGC 


2685 


1.7 


± 


0.2 


3.8 ± 0.3 


12.9 ± 0.5 
















NGC 


3245 


























NGC 


4036 


























NGC 


4371 


























NGC 


4382 


























NGC 


4383 








459.9 ± 38.7 


390.9 ± 26.8 
















NGC 


4435 


























NGC 


4477 








16.8 ± 1.1 


31.4 ± 1.5 
















NGC 


4552 


























NGC 


4649 


























NGC 


5128 








234.9 ± 77.3 


















NGC 


5273 








49.5 ±4.1 


83.2 ± 5.8 
















NGC 


5631 


1.7 


± 


0.5 


3.6 ± 0.2 


9.4 ± 0.1 


3.7 


± 


0.3 










NGC 


5846 


























NGC 


5898 








4.5 ± 0.4 


9.3 ± 0.5 








2 





± 


0.4 


NGC 


7192 








2.7 ± 0.2 


4.0 ± 0.2 
















NGC 


7332 


1.8 


± 


0.3 


4.7 ± 0.3 


8.2 ± 0.7 


1.0 


± 


0.3 


1 


1 


± 


0.2 


IC 5063 








480.5 ± 58.9 


524.9 ± 66.5 
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Table Bl. Optical activity class, nuclear X-ray luminosity and 1.4 GHz radio power 



I ent 




Morp o. 


Opt. 


Log ~L X nuc 


p 1.4 GHz 






Morp o. 


Opt. 


L °8 L I,n»c 


Pi 


4 GHz 






RSA 


class 


r — 1 l 

[erg s L ] 


[W Hz -1 ] 






RSA 


class 


r — 1 l 

[erg s L ] 


[W Hz -1 ] 


NGC 


636 


El 






<6.4 10 


NGC 


5090 


E2 


LIN (H) 






1 10 19 


NGC 


720 


Eo 




38 . 90 


<1 - 2 10 iq 


NGC 


5638 


El 


IN 




<4 


NGC 


821 


EG 




<38.37 


<6.3 10 


NGC 


5812 


EO 


IN 




1.3 


10 20 


NGC 


1200 


E6 


LIN (H) 






NGC 


5813 


El 


LIN(W); L2: 


38.80 




10 21 


NGC 


' . - 


E pec 


SI. 5 




14 i° 25 


NGC 


5831 


E .l 






<5 


3 10 19 


NGC 




EJ 


LIN (H) 




<5.9 10 19 


NGC 


7619 


E3 




40.84 


6.8 


10 21 














IC 1459 




LIN (H) 


40.87 


1.3 


10 23 


NGC 


1 """1 


En 






< 2 3 10 ^ 9 


IC 2006 


El 


Comp(W) 




4.9 


10 19 


NGC 


1379 


E0 






<1.4 10 19 


IC 3370 


E2 pec 


LIN(H) 




8.8 


1 20 


NGC 


1395 


E2 




39.06 


5.4 10 19 


IC 4296 


EO 


LIN(H) 


41.20 


5.6 


10 24 


NGC 


1 3 


El 




<38.96 


1.2 10 23 














10 22 


NGC 


1404 


E2 




40.57 


1.9 10 29 


NGC 


1052 


E3/S0 


LIN(H); LI. 9 


41.20 


5.1 


NGC 


1407 


E0 


IN 


<39.14 


8.7 10 21 


NGC 


1351 


SO1/E6 






4.9 


10 19 


NGC 


1426 


Ei 


IN 




<8.5 10 19 


NGC 


4472 


El/SOi 


S2;: 


<38.67 


7.4 


10 21 


NGC 


1427 


Eo 






<3.2 10 19 


NGC 


4550 


E/SO 


L2 


<38.37 


<2 


10 19 


NGC 


1453 


E2 


LIN(H) 




9.5 10 21 


NGC 


4570 


E7/S0i 




38.18 


<3 


5 10 19 


NGC 


1549 


E2 




38.46 


<3.3 10 20 


NGC 


4636 


EO/SOi 


LIN(H); LI. 9 


<38.24 


2.0 


10 21 


NGC 


1700 


E3 




38.84 


NGC 


5353 


S0i/E7 


L2/T2 




4.2 


10 z± 


NGC 


2300 


E3 




40.96 


2.4 10 20 


NGC 


6868 


E3/S0 2/3 


LIN(H) 








NGC 


2974 


Ei 


LIN(H) 


40.32 


5.7 10 20 


NGC 


584 


SOi 






1.6 


10 21 


NGC 


3193 


E2 


L2: 


<39.74 


<1.1 10 20 


NGC 


1366 


30! 


IN 








NGC 


3258 


El 


Comp(H) 




6.2 10 21 


NGC 


1389 


SO1/SBO1 


IN 




<5 


4 10 19 


NGC 


3268 


E2 


LIN(H) 




3.7 10 21 


NGC 


1533 


SB0 2 /SBa 


LIN(H) 








NGC 


3377 


Efi 




38.24 


<1.S 10 19 


NGC 


1553 


S0l/2 P cc 


LIN(W) 


40.22 






NGC 


3379 


E0 


L2/T2:: 


38.12 


3.2 10 19 


NGC 


2685 


SO3 pcc 


S2/T2 




3.3 


10 19 


NGC 


3557 


E3 


LIN(W) 


40.24 


2.0 10 23 


NGC 


3245 


SOi 


T2: 


39.00 


3.5 


10 20 


NGC 


3608 


El 


L2/S2: 


38.21 


8.2 10 19 


NGC 


4036 


S0 3 /Sa 


LI. 9 


39.05 


5.4 


10 20 


NGC 


3818 


Eo 


IN (Traces) 




<2.8 10 20 


NGC 


4339 


S0i /2 






<9 


7 10 1S 


NGC 


3904 


E2 






<1.3 10 20 


NGC 


4371 


SB0 2/3 (r) 






<3 


8 10 19 


NGC 


3962 


El 


LIN(H) 




3.4 10 20 


NGC 


4377 


SOi 






6.0 


10 19 


NGC 


4261 


E3 


LI 


41.10 


2.6 10 24 


NGC 


4382 






<37.93 


<6 


1 10 19 


NGC 


4365 


E3 




38.25 


<3.2 10 19 


NGC 


4383 


SO: 


MRK star-form. 








NGC 


4374 


El 


LIN(H); L2 


39.50 


2.9 10 23 


NGC 


4435 


SBOi 


T2/H:; no AGN 


38.45 






NGC 


4473 


Eo 




<38.14 


<2.2 10 19 


NGC 


4442 


SBOi 






<1 


4 10 19 


NGC 


4478 


E2 




<38.49 


6.9 10 24 


NGC 


4474 


S0 1 






<1 


7 10 19 


NGC 


4486 


E0 


L2 


40.80 


NGC 


4477 


SBO-^/SBa 


S2 




<7 


4 10 19 


NGC 


4564 


Efi 




38.45 


4.9 10 19 


NGC 


4552 


SOi 


Comp (W); T2: 


39.20 


3.1 


10 21 


NGC 


4589 


E2 


L2 


38.90 


2.1 10 21 


NGC 


4649 


SOi 




38.09 


9.4 


10 20 


NGC 


4621 


Eo 




38.92 


<1.3 10 19 


NGC 


5128 


SO + S pcc 


S2 


41.88 


4.4 


10 23 


NGC 


4660 


Eo 




38.22 


<3.5 10 19 


NGC 


5273 


SO/a 


SI .5 


40.55 


1.1 


10 20 


NGC 


4696 


E3 


LIN(H) 


40.00 


5.2 10 20 


NGC 


5631 


S0 3 /Sa 


S2/L2: 




1.2 


1 20 


NGC 


4697 


Efi 


LIN(W) 


38.41 


NGC 


5846 


SO! 


LIN(H); T2 


40.80 


1.6 


10 21 


NGC 


5011 


E2 


LIN(W) 






NGC 


5898 


S0 2/3 


LIN(W) 




<1 


5 10 20 


NGC 


5018 


Ei 


LLAGN 


<39.41 


3.5 10 20 


NGC 


7192 


so 2 


LIN(W) 






5 10 19 


NGC 


5044 


E0 


LIN(H) 


39.44 


4.0 10 21 


NGC 


7332 


s°2/3 


IN(Traccs) 


<39.70 


<9 


NGC 


5077 


E3 


LIN(H); LI. 9 




2.8 10 22 


IC 5063 


S0 3 /Sa 


S2 









The optical activity (columns 3 and 8) is derived from HAlmibali et aT| 120101 ) who use the following notation: LIN = LINER; AGN = AGN like emission; IN = cither 
faint (Traces) or no emission lines; Comp = transition between HII regions and LINERs. W and H indicate weak emission (EW(H a + [iV J J] 6584) < 3A) and strong 
emission line galaxies, respectively. For the optical activity class, we also use the notation of |Ho et "all U997l ) in S is for Scyfcrt, L for LINERS, T for transition objects 
and H for HII region (: indicate uncertain estimates). The nuclear X-ray luminosity, L x nuc (columns 4 and 9) and the radio power at 1.4 GHz, P 1 4 QHz (columns 5 

and 10), arc from IPellegrini | |20lo]) and lrirown et al.| l2Ull| ), respectively. 
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32 R. 

Table B2. 



Rampazzo et al. 

Ellipticals: kinematical and morphological characterization from optical studies 



Morpho. Gas vs. stars kinematic Morphological Dust-lane 

RSA peculiarities peculiarities morphology 



NGC 636 


El 






asymmetric dust distribution (16) 


NGC 720 


B5 




Boxy outer isophotcs (6) 


no dust (13) 


NGC 821 


E6 


SC (4) 




no dust (9) 


NGC 1209 


E6 




X-like struct.; NW linear feature (6) 




NGC 1297 


E2 






dust-lane (a) 


NGC 1275 


E pec 




jet 


complex patches (18) 


NGC 1339 


E4 






no dust (10) 


NGC 1374 


E0 






no dust (10,11) 


NGC 1379 


E0 






no dust (11) 


NGC 1395 


E2 




NW perpend, feature (6); low contr. shells (7) 




NGC 1399 


El 






no dust (10,11) 


NGC 1404 


E2 






no dust (11) 


NGC 1407 


E0 


rot at. min. axis (a) 




no dust (13) 


NGC 1426 


El 






no dust(10) 


NGC 1427 


E5 






no dust (10,11) 


NGC 1453 


E2 


g-d and g-maj t (a) 






NGC 1549 


E2 


stars rotat. min. axis (0) 


shells (7) 




NGC 1700 


E3 


CR s-s(l) 




chaotic dust patches (10) 


NGC 2300 


E3 






no-dust (10) 


NGC 2974 


El 


SC(4) 


multiple shells (6); g-d and g-maj t%20° (a) 


spiral dust-lanes (10) 


NGC 3193 


E2 






no dust (9) 


NGC 3258 


El 


CR g-s (1) 




no dust (13) 


NGC 3268 


E2 






small disk of dust (a, 16) 


NGC 3377 


E6 


modest star rotat. min. axis (3); SC(4) 




chaotic dust patches and filam. (9,10) 


NGC 3379 


E0 


SC (4) 




nuclear dust ring (10) 


NGC 3557 


E3 




SW fan; asym. outer isophotcs (6) 


nuclear ring of dust (10) 


NGC 3608 


El 


CR s-s (3); KDC (4) 




nuclear dust ring (10) 


NGC 3818 


E5 








NGC 3904 


E2 








NGC 3962 


El 




gas disk+outcr arc-like struct, (a) 


dust patches (a) 


NGC 4261 


E3 




NW tidal arm/ faint SE fan (6) 


dust disk (9) 


NGC 4365 


E3 




Faint SW fan (6) 


no dust (10) 


NGC 4374 


El 


Rotat. Vcl. ^0 (3); SC (4) 




dust-lane (a, 9) 


NGC 4473 


E5 


complex moprh. of <j and Vcl. Field (3); MC (4) 




no dust (10) 


NGC 4478 


E2 






no dust (10) 


NGC 4486 


EO 


V^0 (3); SC(4) 


jet 


no dust (9) 


NGC 4589 


E2 






chaotic dust patches (10) 


NGC 4564 


E6 


SC (4) 




no-dust (9) 


NGC 4621 


E5 


CR s-s inncr2" (3); KDC (4) 




no dust (10) 


NGC 4660 


E5 


two disk components (3); MC (4) 




no dust (9) 


NGC 4696 


E3 




Faint outer shells (2) 


dust arc (a, 11.13) 


NGC 4697 


E6 




Non spherical inner isophotcs (6) 


disk (23) 


NGC 5011 


E2 






no dust (11,13) 


NGC 5018 


El 




multiple tidal tails and shells (6,7) 


dust nuclear ring/chaotic (10) 


NGC 5044 


E0 


CR s-s; gas irr. motion (a) 


gas fil. shape (a) 


chaotic dust patches (15) 


NGC 5077 


E3 


CR s-s (a); g-d and g-maj t^90° (a) 




dust filaments (9) 


NGC 5090 


E2 






no dust (11,13) 


NGC 5638 


El 








NGC 5812 


E0 




Tidal tail (2) 


dust nuclear disk 0.4" diameter (a) 


NGC 5813 


El 


CR s-s; gas irr. motion (a); KDC (4) 


gas fil. shape (a) 


dust nuclear ring/chaotic (10) 


NGC 5831 


El 


CR s-s (2,3); KDC (4) 




no dust (9) 


NGC 7619 


E3 


rotat. min. axis (17) 




no dust (10) 


IC 1459 


El 


CR g-g (1) 


Multiple shells (6) 


dust nuclear ring/chaotic (10) 


IC 2006 


El 


CR g-s (1) 






IC 3370 


E2 pec 




X-likc struct.; broad N fan (6); polar ring? (5) 


spiral dust-lane (10,11) 


IC 4296 


E0 


CR s-s (a) 




nuclear ring (10) 



In 



olu 



rotat. min. axis: st 
literature. KDC: kinei 
description of the kin> 
labelle d by (a). F urth. 

detection and struct 
'-Getty fc"Ve 



IVeron-Cetty h Veronl Q 

Wiklind & Henkel ,2001); (20) S 



following notation: CR g-s 
s rotate along the galaxy mi 
ematical decoupled component, 
ncmatic and morphological pcci 
;r kinematic al references: (0)Q£~ 
ko et all <2009i ) Morphological pe. 

" 6 optical bands are from (9)f7TT 



fTSgg ) ; (^ I Morgaati et aTl HMTI); (1 
' et al.| 120071 ); (21) |Pink 



tation gas vs. stars; CR s-s 
d and g-maj t: gas di 

ly counter-rotation; MC: 
f the galaxies and full refere 

1(11); 

: (6) Tal et 

n noim 




^s. stars; CR g-g: counter rotation gas v 
tilted by the reported angle, if provided 
SC single compo nent (s ee[Rr 



raliMai; (8) 

... flDlSadler L GerTTa 
<2uu2|); f!7)|Pu et^rtl 
1.1 liiMfl) ; 123) Ivan nSkTumTTT 




dHT 

jiTOi); 14) 
ii Us Kamuagzol ' 



K, 



200 



'( 18) l ltembla™ 
tT55SH ; (24) |korme 



et al. 



(13) 

.1.1 laMfl) : (19) 
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A Spitzer-IRS atlas of early-type galaxies in RSA 

Table B3. E/SOs and SOs: kinematical and morphological characterization from optical studies 



I dent 


Morpho. 


Gas vs. stars kinematic 




Morphological 


Dust-lane 




RSA 


peculiarities 




peculiarities 


morphology 


NGC 1052 


E3/S0 


CR g-g (l,a) 






dust (9) 


NGC 1351 


SO1/E6 








no dust (11) 


NGC 4472 


El/S0i 


CR S-8 (1) 






chaotic dust patches (10) 


NGC 4550 




i— ■!< -Sri ( 1 ) ; .blow rut (3); s 


C (4) 




asymmetric dust patches (19) 


NGC 4570 


E7/S0i 


MC (4) 






no dust (20) 


NGC 4636 


E0/S01(6) 








dust lanes (9) 


NGC 5353 


S0i/E7 










NGC 6868 


E3/S02/3(3) 


CR g-s (a) 






dust p at ches (a, 11) 


NGC 584 


S0i 






Non-spherical isophotes (6) 


chaotic dust patches (10) 


NGC 1366 


E7/S01(7) 










NGC 1389 


S01(5)/SB01 








no-dust (11) 


NGC 1533 


SB02(2)/SBa 








no-dust (11) 


NGC 1553 


S01/2(5) P ec 






shells (7) 


no-dust (13) 


NGC 2685 


S0 3 pec 


a double peak (7); SC (4) 


gas min.axis grad (12) 


polar ring (25) 


polar dust lanes (7) 


NGC 3245 


SO! 










NGC 4036 


S0 3 /Sa 


gas min.axis grad (12) 






irr.dust structures (20) 


NGC 4339 


S0 l/2 










NGC 4371 


SB0 o /Q (r) 
2/3 v ' 








dust disk (20) 


NGC 4377 


S0i 










NGC 4382 


S0i pec 


CR s-s (3); MC(4) 




shells (24) 


no dust (10) or weak (20) 


NGC 4383 


SO: 


gas min.axis grad (12) 








NGC 4435 


SB0! 






Interact, with NGC 4438 


dust nuclear disk (12) 


NGC 4442 


SB0! 










NGC 4474 


SO! 










NGC 4477 


SB0!y 2 /SBa 


CR s-s (1); SC (4) 




kin. and phot, axes misaligned (3) 


dust spiral (20) 


NGC 4552 


S01(0) 


KDC (4) 




shells (7) 


chaotic dust patches (10) 


NGC 4649 


S0i 


asym. rot. curve (21) 






no dust (10) 


NGC 5128 


S0+S pec 


gas min.axis grad (12) 




Many shells (7), warps (11) 


strong dust lane (11) 


NGC 5273 


SO/a 








weak dust features (20) 


NGC 5631 


S0 3 /Sa 


CR (g-s) (5) 








NGC 5846 


S0i(0) 


gas in. motion (a); SC(4) 




Faint outer shells (6) 


dust filaments extended (a) 


NGC 5898 


so 2/3 (o) 


CR g-s (1); gas min.axis g 


rad (12) 


Three spiral arm-like tidal tails (6) 


dust patches (22) 


NGC 7192 


S0 2 (0) 


CR s-s (a) 




Shell (6) 


no dust (13) 


NGC 7332 


^2/3 


CR g-g (1): KDC (4); gas 


min.axis grad (12) 






IC 5063 


S0 3 (3)pec/Sa 


gas min.axis grad (12) 






dust-lane (14) 



References and legenda as in Table B2 
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